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Abstract 
In this thesis, an extensive investigation on the structural chemistry of betaines is 
reported and discussed. Four betaine derivatives and thirty-five metal-betaine 
complexes involving ten kinds of metal ions have been synthesized and characterized 
by single-crystal X-ray analysis. The results have demonstrated that betaine 
compounds are very good proton acceptors and versatile ligands. They can form 
carboxylate-like complexes in which the metal center bears additional anionic ligands. 
In the present study, betaines are used to synthesize easily soluble complexes with 
metal ions spanning a spectrum ranging from hard to soft metals in different 
stoichiometries, providing a number of interesting soluble complexes of heavy-metals, 
e.g. Cd(n)，Hg(n)，and Ag(I). A number of new structural varieties have been establish-
ed. Of special interest are some oligomeric Cd(II) and Hg(n) complexes, some Ag(I) 
complexes of either novel dimeric structures or comprising polymeric species without 
any dimeric subunits, some new eight-coordinated Cu(II) complexes, and some mixed-
metal complexes derivated from the eight-coordinated Cu(II) core. Betaine ligands can 
act in both common and uncommon coordination modes as compared to carboxylate 
ligands. Among these coordination modes, the most important findings are the first 
examples of the •sjw-skew and skew-skew (carboxylato-(9，(9，）-bridging modes as 
found in two Mn(II) complexes and the skew unidentate mode as found in a Zn(II) 
complex. 
Some important structural features have been correlated with the metal and ligand 
properties. Structural investigation on a series of tetrakis(carboxylato-0，(9,)-bridged 
dimeric C _ complexes has led to the important conclusion that variation of the intra-
dimer Gu…Gu separation may be generally correlated to the mutual repulsion between 
the metal-ligand bonds in the CUO4L chromophore, and to the steric interaction between 
the bulky apical ligands and the bridging carboxylato ligands in the case of bulky 
ligands. It has also been found that, for the three kinds of skew coordination modes, 
there is a direct relationship between the extent of the skew coordination and the 
corresponding C-0 bond length: concomitant with the increased extent of the skew 
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Chapter 1. Introduction 
1.1. Coordination Chemistry of Carboxylates 
Among the innumerable ligands used in coordination chemistry, monocarboxylic acids 
have occupied a central position from the 19th century to the present day.' ® This is mainly 
attributed to their ready availability, chemical stability, and versatile coordination behavior, 
as well as the fact that they can form many stable metal carboxylate complexes. 
Carboxylate groups can exist as counter anions or participate in coordination in a variety 
of modes. In 1940 Zachariasen confirmed the ionic nature of the formate group in sodium 
formate by X-ray crystallography and suggested that all strongly electropositive metal ions 
would form ionic carboxylates.'^  Niekerk and Schoening reported that the acetate group 
functions as an unidentate ligand in [Co(MeC02)2(H20)4]，7 and as a bridging ligand in the 
first well characterized carboxylato-bridged dimeric metal complex, namely [CuzCMeCOjV 
(H20)J.' It is worthy to mention here that a large number of transition metal carboxylates 
are polymeric in nature, being linked by carboxylato-bridges. The bidentate chelate 
carboxylate group, although postulated by Lowry and France as early as 1924/ was first 
confirmed in [Zn(MeC02)2(H20)2] in 1953/® Later on the other more complicated 
coordination modes of carboxylate groups were revealed. 
Despite its very long history, the chemistry of metal carboxylates is growing contin-
uously as evidenced by a survey of the current literature. An interesting feature of metal 
carboxylates is their tendency for metal-metal interaction, especially metal-metal bonding. 
This is in part due to the fact that, as bidentate bridging ligands, carboxylate groups can 
bring a pair of metal atoms into close proximity. Hence carboxylate ligands are frequently 
used in the study of metal-metal interaction, especially metal-metal bonding, which has 
occupied an important position in coordination chemistry at the present time." Another 
important aspect of the chemistry of metal carboxylates is the very important role of metal-
carboxylate interaction in biological systems, in regard to the fact that there are lots of active 
sites in enzymes containing metal atoms coordinated by carboxylate ligands. Thus the 
investigation on the synthesis, structures, and properties of model complexes of the active 
sites which contain carboxylates has become a very active field and drawn considerable 
interests." 
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As mentioned earlier, an interesting aspect of the chemistry of metal carboxylates is the 
variety of the bonding modes exhibited in these compounds. The ligand behavior is typical 
of a mononegative entity with a pair of hard oxygen donors. Although many structures of 
metal carboxylates have been deduced from other physical techniques, such as IR, NMR, 
ESR and other spectroscopic methods, unfortunately the results obtained are frequently am-
biguous and rather difficult to interprete. For example, a unidentate carboxylate is usually 
distinguished from its symmetric bidentate chelate and bridge modes in the IR spectra, but 
the distinction between the chelate and the bridge modes is not uniquely defined."'^ 
Likewise, IR spectroscopy cannot identify an unidentate mode when there is an approximate 
equality of the C-0 bond lengths. Furthermore, the carboxylate group acts sometimes in 
more than one ligation mode in a complex, so that the spectroscopic methods cannot be 
relied upon to establish the structure. Diffraction methods, including single-crystal X-ray 
and neutron diffraction, are the preferred techniques for studying the structural chemistry of 
metal carboxylates, for they can give unambiguous structures as well as geometrical 
parameters in great detail, thus providing an insight into the complicated coordination 
chemistry. The ready availability of structural information obtained mainly from single-
crystal X-ray analysis, as appraised by Cotton, "has revolutionized the coordination 
chemists' modus operandi”" Hitherto innumerable metal carboxylates and related 
complexes have been subjected to X-ray analysis, and three major structural types of 
carboxylate coordination modes have been identified, namely unidentate, bidentate chelate, 
and bridging (see Fig. 1.1). 
The unidentate mode (Fig. 1.1(a)) occurs where the carboxylato group no longer retains 
the equivalence of the two C—O bonds as expected for the free anion, and has one metal-
oxygen distance considerably shorter than the other. One typical example is the lithium(l) 
complex [Li(MeC02)(H20)J, where the two C-O bond lengths are at 1.22 and 1.33 A 
2 
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Fig. 1.1. Coordination modes of the carboxylato group 
The bidentate chelate (Fig. 1.1(b)) is less common than the unidentate mode. The 
symmetric chelate is especially rare. Of all the possible modes of the carboxylate ligation to 
metal ions, this is the least favored, and the relief of the steric factors induced by the con-
straints results in an extensive series of complexes bearing chelating carboxylato ligands in 
the unsymmetiic fashion (Fig. 1.1(c))/ A typical example of the unsymmetric chelating 
mode is found in [Hg(MeC02)2(PPh3)3],i4 while the symmetric chelating mode is exem-
plified by [Zn(MeC02)2(H20)2],i�and [Ru(MeC02)H(PPh)3]." On the other hand, the 
oxygen atoms of the chelating carboxylato group can further coordinate to one or even two 
other metal atoms, forming the combination of a bidentate chelate mode with either the 
anti bridge mode, i.e. carboxylato-Ti-0,0'-M.-0,0 (Fig. 1.1(g)) or the anti-anti bridging 
mode, i.e. c a r b o x y l a t o - n - ( 9 , ( F i g . 1.1(h)), both of which are relatively 
rare among metal carboxylates," Examples of the former mode are found in 
[{Cd(MeC02)2(H20)2U," [{Na(U02)(MeC0从],[{U02(N03)}2(sal)J.(dmap)2 (sal = 
salicylicacidato, dmap = 4-N,iV-dimethylaminopyridine)and two modelling complexes of 
the active sites of metalloproteins.^''" There are only two examples of the later mode (Fig. 
1.1(h)) to our knowledge. One is [{McjUCMeCOi)} J , " and the other has been very 
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recently uncovered in a very unusual nonanuclear manganese complex." 
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Fig. 1.2. Typical structures of the tetrakis(carboxylato)-bridged dimeric metal complexes (a) and the oxo-centered trinuclear metal complexes (b). 
The bidentate bridging is most extensively investigated in metal carboxylates, and at 
least seven types of carboxylate bridges have been identified (Fig. l.l(d)-(i)). Within this 
series, the syn-syn bridging mode is most common (Fig. 1.1(d)). With this coordination 
mode, the tetrakis(carboxylato-(9,0' )-bridged dimeric metal complexes of the general 
formula [MjCcarboxylato-O, O')^,^ (n 二 1,2) (Fig. 1.2(a)) have received extensive investig-
ation,^'' in which the main structural interest is concerned more with the metal-metal 
distance than the dimensions of the ligand system. This quadruple carboxylate bridge 
structure is very flexible and can accommodate a wide range of metal-metal distances 
ranging from 3.704 A in the vanadium(ll) trifluoroacetate complex [V2(F3CC02)2(C5H5)J" 
to 2.088(3)入 in the molybdenum(n) complex [MojCMcjCCOj)』，" exhibiting a spectrum of 
metal-metal interactions ranging from no interaction, through weak spin-pairing, to strong 
interactions with single to quadruple bonding. For example, the [CujCcarboxylato-O, O")^-^ 
dimeric complexes have been very extensively studied in regard to their structural, spectro-
scopic, and magnetic chemistry,"'" and the Cu…Cu distance spanning the shortest of 
2.563(4) A in [CwOEtCOzMdkwOJ (diox = dioxane)" to the longest of 2.886(2) A in 
[Cu2(F3C(X)2)4(quiii)2] (quin = quinoline)^' has provoked considerable controversy about 
the nature of the Cu-Cu interaction in this dimeric structure."*" A large number of 
4 
transition metal dimeric complexes linked by carboxylate groups in the syn-syn bridging 
form have drawn considerable interests of chemists recently for the metal-metal bonding in 
the geometric and the electronic structure/*''' as well as some possible practical 
appl ica t ions ,The metal-metal bond in the structures bridged by two or four syn-syn 
carboxylate groups has an order of one to four, dependent on the electronic properties of the 
metal atom. Another important class involving syn-syn carboxylate bridges is the oxo-
centered trinuclear metal carboxylates of stoichiometry [M3(0)(RC02)6L3] (Fig. 1.2(b)) and 
the related trinuclear complexes?，These structures can be exemplified by the complex 
[Ru(0)(MeC02)6(PPh3)3], 
In contrast to the syn-syn mode, bridging carboxylato group of the syn-anti (Fig. 1.1(e)) 
and anti-anti (Fig. 1.1(f)) modes generally result in larger metal-metal separations, and 
frequently polymeric structures. Typical examples of this two classes are the polymeric 
copper(ll) complexes [{Cu(HC02)2} J “ and [ {Cu(HC02)2(H20)4} „] respectively. The 
large metal-metal distance rules out significant metal-metal interaction, which may in part 
account for the less extensive study of these compounds. It is noteworthy that the anti-anti 
mode is quite uncommon in carboxylate chemistry, which may be ascribed to the fact that 
the metal atoms may experience significant repulsion by the alkyl group. On the other hand, 
the oxygen atom in the bidentate bridging system can further coordinate to one more metal 
atom, resulting in a tridentate carboxyla to- | i -0 ,0 'O mode (Fig. l.l(i))’ and commonly 
extend the structure into a polymeric one, as found in several silver(I) carboxylates."" This 
tridentate bridging mode is also revealed in some biologically relevant metal clusters of 
carboxylate ligands. “ 
The other bridging mode is through only one of the carboxylate oxygen atom, resulting 
in the carboxylato-(9,0 one atom bridge with an M-O-M unit in the complex (Fig. 1.1®). 
This is a well known bridging mode for many ligands, especially alkoxides/® One typical 
example is the copper(I) complex [{CuCOBuOlJ/^ In contrast, there are relatively few 
examples in the realm of metal carboxylate chemistry/"® One example of this carboxylato-n-
0,0 mode exists in the dimeric [Hg2(MeC02)4(Cy3P)J This bonding mode has struc-
tural characteristics resembling unidentate coordination in that the C-O bond involving 
carboxy oxygen atom that bridges two metal atoms is markedly longer (1.29 A) than the 
other C~0 bond length (1.21 A). However, the "pendant" oxygen atom is easily available 
to coordinate another metal atom, giving rise to a tridentate mode (Fig. 1.1 (i)) as mentioned 
5 
previously, which may in part account for the rare existence of the one oxygen bridge 
among metal carboxylates. Although hitherto only a few examples of this carboxylato-0,0 
bridging mode have been reported, this coordination mode is found in some active sites of 
enzymes,*' as well as some modelling metal clusters,。'*，Furthermore, this mode is 
proposed to play an important role in the "carboxylate shift” (Fig. 1.3) between the 
unidentate bridging mode via carboxylato-ii-0,0'-\3i-0,0 to carboxylato-pi-0,0' bidentate 
bridging mode, which may be of general importance in the active site structure containing 
carboxylato groups in metalloproteins/® 
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Fig. 1.3. Schematic drawing of the "carboxylate shift" mechanism 
1.2. Infrared Spectroscopy of Metal Carboxylates 
As the COO stretching frequencies are usually the most prominent feature of the IR 
spectra, attention has naturally been focused upon them. The common approach is to relate 
the positions and the separations (A) of the antisymmetric and the symmetric v(COO) values 
in the complexes to the respective one of an ionic sa l t . "� I t has been established that the 
basis governing the change of v^ C^COO) and Vsym(COO) is the symmetry of the COO group, 
and non-quivdence of the C-0 bonds will result in a shift of Vas(COO) to a higher energy, 
which will accordingly increase the A value. Consequently, it can be deduced that: a) sub-
stantially larger A values than the standard for an ionic carboxylate are indicative of the 
unidentate mode; b) significantly smaller A values than the ionic standard are indicative of 
the chelating and/or bridging mode; and c) very small A values are generally indicative of 
the chelating or a combination of chelating and bridging modes." It should be noted that 
since the A value is dependent on the symmetry of the COO species, it will not be sensitive 
to detect a unidentate carboxylato group of approximately equal C-O bonds. Similarly, the 
equivalent C - 0 bonds in the symmetric chelating and bridging modes underlines the 
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difficulties for IR Spectroscopy. Thus IR spectra may be anticipated for primary character-
ization of the complexes, but the data cannot form the sole basis of structural elucidation. 
In this work, IR Spectroscopy is only used as a primary characterization method for 
most compounds. 
1.3 Betaine and Its Derivatives 
Free betaines are zwitterions having a carboxylate group and a quaternary ammonium 
group. This permanent dipolar structure accounts mainly for the unusual physico-chemical 
properties of betaines and their derivatives, such as uncommonly high melting points, high 
solubility in aqueous solution and insolubility in non-polar solvents," and very hygroscopic 
behavior in the anhydrous form. 
The prototype of this series is commonly called betaine (MegN+CHzCOO"’ KJPAC name: 
trimethylammonioacetate; hereafter abbreviated as BET). This compound is very important 
in biology, from which it first drew interests of both biochemists and chemists." It is 
widely found in plant and animal tissues, playing an important role as a methyl-transfer 
agent in amino acid synthesis." On the other hand, like most of the other members of this 
class, betaine is toxic."'" Some derivatives of betaine have been used as surfactants." It 
may be prepared from glycine and diazomethane," but commonly obtained from the reaction 
of trimethylaimne and chloroacetic acid in an aqueous medium." 
-HCl + _ 
MeaN + CICH2CO2H • MesNCHzCOO.HCl ^ MesN CH2COO 
Betaine was first structurally characterized via the careful analysis of the IR spectra of its 
monohydrate and hydrochloride in 1957." The crystal structure of betaine was established 
by a single crystal X-ray analysis of its hydrochloride in 1970," and its monohydrate in 
1989/0 On the other hand, with respect to the elastic and thermoelastic properties, a num-
ber of betaine adducts with some acids and calcium chloride have been recently prepared, 
and some of them have been subjected to X-ray crystal structure analysis, including betaine 
adducts of H3PO4," H3ASO4," H3PO3," H3BO3,“ and CaClj." Among them, the CaCl! 
adduct is the first metal-betaine complex in which the carboxylate group of betaine acts in 
the syn-syn bridging mode. 
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Fig. 1.4. The betaine derivatives 
With the presence of the carboxylate group, betaine and its derivatives belong to the 
family of carboxylate compounds.. The positively-charged nitrogen atom exerts an 
electronic inductive effect on the carboxylate group, which should, like that of the halogen-
substituted acetates, result in a larger O-C-O angle, concomitant with reduced electro-
negativity of the carboxylate oxygen atoms. One would expect that, as compared to com-
mon carboxylate anions, betaines should behave somewhat differently in their coordination 
chemistry. Despite the recognition and extensive study of the carboxylates as an important 
class of ligands which displays a rich variety of bonding modes, the chemistry of metal-
betaine complexes has received virtually no attention. The only structurally characterized 
metal complex of betaine is the calcium(II) complex [{CaCBETXH^O):�!} J mentioned 
above. This is all the more surprising since the zwitterionic properties of betaine ligands, by 
virtue of their overall charge neutrality, might be expected to coordinate metal center which 
may bear additional anionic ligands, thereby providing a synthetic route to a new series of 
metal carboxylate complexes. Furthermore, the permanent bipolarity of this class of 
betaines as ligands may be used to prepare soluble heavy metal complexes including those 
of mercury(n) and silver(I), bearing in mind that the poor solubility of the heavy metal 
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complexes of common carboxylates may partially be responsible for the meager information 
on their crystal structures. In fact, although not structurally characterized, a water-soluble 
2:1 adduct of mercury(n) chloride with betaine had been reported as early as in 1938.“ 
Seen in this light, betaine and its derivatives are of special interest and can be expected to 
provide synthetic access to: 1) metal complexes with varied metal-carboxylate molar ratios; 
2) soluble heavy metal carboxylates; and 3) metal complexes with the metal center bearing 
additional anionic ligands. All these complexes are somewhat difficult to prepare using 
common carboxylate anions. For example, in the case of common metal carboxylates, other 
ions have to be introduced in order to prepare complexes with varied metal-carboxylate 
molar ratios, or with metal centers bearing additional anionic ligands. The introduction of 
any additional ions may complicate the system and make the preparation much more 
difficult. Therefore, the synthesis and structural characterization of metal complexes of 
betaines not only expand the structural data of carboxylato complexes, but also lead to new 
structural varieties. 
A systematic investigation on metal-betaine complexes constitutes the theme of the 
present research. Several kinds of metal ions are used, as well as six different betaine 
ligands (see Fig. 1.4). The betaines employed in this work are betaine (BET), the prototype 
of its class, and five of its derivatives, namely pyridinioacetate (common name: pyridine 
betaine, CsHsN+CHzCCV, pyBET), triethylammonioacetate (EtsN^CHjCOj", EtsBET), 
trimethylammoniopropionate (MesN+CHzCHzCCV, prBET), pyridiniopropionate (CsHsN -^
CH2CH2CO2-, ppBET), and (3-carboxyl-1 -pyridinio)acetate [C5H4(COOH)N+CH2C(V, 
HniBET]. Both prBET and ppBET have one more methylene group as a spacer between the 
carboxylate group and the positively-charged nitrogen atom in comparison to the acetate 
derivatives. Thus the inductive effect on the carboxylate group can be expected to be • 
reduced. HniBET is a dicarboxylate derivative of betaine. 
In this thesis, a systematic synthetic and structural investigation of some betaine deri-
vatives and their metal-betaine complexes is presented and discussed. Some new structural 
varieties with novel structural features are revealed. 
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Chapter 2. Results and Discussion 
2.1. The Betaine Derivatives 
Prior to studies reported in this thesis, the structurally characterized betaine derivatives 
consist of the complex [{Ca(BET)Cl2(H20)2}”] and several 1:1 acid adducts and/or 
hydrates, including two very recent examples, namely (5-phenylacetylamino)thiozolium 
acetate hydrate which is a bioactive compound, and (HEtgBET)�!.!!:�.幼 
Among the betaine derivatives employed in this work, pyBET has been known for over 
a century .69 Our initial attempt in the preparation of its hydrochloride was to use a literature 
method." Interestingly, the intermediate product which was isolated from the mother 
pyridine solution as a precipitate shows a wide, strong absorption band in the range ca. 570 
-1070 cm-i and centered at ca. 820 c m - � a s well as a strong and shouldered carbonyl 
stretching band at 1736 cixH. These absorption bands are very similar to the characteristic 
bands for type A acid salts exhibiting very strong hydrogen bonds7® For example, a typical 
type A acid salt [{(FjCCCyzHlK] with a short hydrogen bond at 2.437 A shows a strong 
and slightly broad absorption band at 1735 cm-i.^ ^ Hence the compound could be neither 
its hydrochloride [(HpyBET)Cl] nor its hydrate [pyBET.HzO]. 
X-ray analysis has confirmed that it has a very strong hydrogen-bonded dimeric 
structure. As a sequel to this work, a similar adduct of BET, viz. [(BET)2H]C1.H20, was 
simply prepared by using a 1:1 molar ratio of the hydrochloride and monohydrate of BET in 
aqueous solution. The IR spectrum shows a very similar pattern as that of the pyBET 
adduct. 
All the above-mentioned betaine compounds are acetate derivatives. For the systematic 
investigation of metal-betaine chemistry, two higher analogues of betaine, namely 
trimethylammoniopropionate (McgN^CHjCHjCOi", prBET) and pyridiniopropionate 
(CsHsN^CHjCHjCOj", ppBET) have also been prepared. These two new derivatives have 
an ethylene group as a spacer between the carboxylate group and the positively-charged 
nitrogen atom. The other acetate derivative is triethylammonioacetate (EtgN+CHjCCV’ 
Et3BET), which has an higher homologous quaternary ammonium group. On the other 
hand, all the above betaine derivatives are monocarboxylate derivatives. This work has 
been extended to include the synthesis and structural analysis of the nicotinic derivative, 
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which is a dicarboxylate derivative of betaine, namely (3-carboxy-l-pyridinio)acetate 
[CsHWCOGHHON+CHzOV, HniBET]. 
2.1.1. Structures of some betaine derivatives 
L Structures of [(pyBET)2H]Cl.H20 (1) and [(BET^HJCl.HaO (2) 
Crystal Data: For 1’ C14H17N2O5CI, FW = 328.75, orthorhombic, space group Pnna 
(No. 52), a = 15.623(3), b = 19.707(3), c = 5.069(1) A, V = 1 5 6 0 . 7 � k , Z = 4’ An = 
1.392 gcm-3, D, = 1.399 g cm-3, n = 2.70 cm-i. For 2，C10H25NACI, FW = 288.77, 
orthorhombic, space group Prima (No. 62)，a= 11.904(1), b = 22.454(5), c = 5.624(1) A, 
V = 1 5 0 3 . 3 ( 5 ) Z = 4，= 1.270 gcin-3, D, = 1.276 gcm-3, ^ = 2.70 cm-� 
0(2) M ^ ) C ^ y ^ � ( 2 ) 
0 0(1) / 
J 0(1) 0 
' ' • \ oitoi 0 H 0 0(1a) 
P ^ 0(2a) y 
o M 0(2a) \ w 
(a) (b) 
Fig. 2.1.1. Perspective view of the hydrogen-bonded dimers of pyBET (a) and BET (b) with the atom numbering scheme. Symmetry codes are given in Table 2.1.1. 
As illustrated in Fig. 2.1.3, a pair of pyBET or BET molecules are bridged by a proton, 
located at an inversion center, to form a dimeric cationic system. The resulting O… 
hydrogen bond linking the two carboxy group has a length of 2.436(6) A or 2.454(5) A for 
compounds 1 and 2, respectively. These distances qualify these two compounds for the 
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"very strong" hydrogen bond category." Similar hydrogen bonded dimers exist in the type 
A acid salts," and the geometric parameters of the carboxy groups in this series and the 
related compounds are compared in Table 2.1.2. The difference in charge between the two 
present cationic moieties, [(pyBET^H]. and [(BET)2H]+, and hydrogen dicarboxylate 
anions is reflected mainly by the shorter C-0(H) and C=0 bong lengths and the larger 
0=C-0 angles, concomitant with smaller C-C-0(H) angles in the present cations. 
Table 11.1. Bond lengths and angles for compounds 1 and 2 
Symmetric codes: fori , d) -x, 1-y, 1-z; b) x, y, 1+z; 
for 2’ a) 1-Xy l-y, -z; b)x, y, 1+z. 
For compound 1 
C(l)-0(1) 1.272(4) C(l)-0(2) 1.201(4) 
C(l)-C(2) 1.521(5) C(2)-N(l) 1.474(4) 
N(1HX3) 1.328(4) C(3)-C(4) 1.369(6) 
C(4)-C(5) 1.375(4) C(5)-€(6) 1.365(6) 
C(6>-C(7) 1.364(5) N(1K:(7) 1.341(4) 
0(l)-C(l)-0(2) 127.3(3) 0(1>-C(1)-C(2) 110.8(2) 
0(2K:(1)-C(2) 121.8(3) C(1H:(2)-N(1) 112.7(3) 
C(2)~N(1H：� 119.7(3) C(3)-C(4)-C(5) 119.6(4) 
C(4)-C(5)-C(6) 119.0(3) C(5)-C(6)-C(7) 119.8(3) 
C(2)-N(l)-C(7) 119.3(3) C(7>-N(1H:(3) 120.9(3) 
Hydrogen bonding 
0(l>"0(lfl) 2.436(6) 0(1)-C1(1) 3.200(3) 
CXl)-H(l)-0(la) 104.8(1) 
For compound 2 
C(lHXl) 1.279(4) C(l)—0(2) 1.216(4) 
C(l)-C(2) 1.522(5) C(2)—N(l) 1.502(4) 
N(l)-C(3) 1.496(4) N(l)—C(4) 1.492(4) 
N(l)-C(5) 1.493(4) 
0(l>-C(l)-0(2) 126.5(3) 0(1)-C(1)-C(2) 110.0(3) 
0(2)-C(l)-C(2) 123.5(3) C(1H:(2)-N(1) 116.7(3) 
C(4)~N(1)~C � 108.7(2) C(2)-N(l)-C(5) 111.7(2) 
C(2)-N(l)-C(3) 107.3(2) C(2>-N(l)-C(4) 110.1(2) 
C(3)-N(l)-C(5) 108.6(3) C(4)-N(l)-C(5) 110.3(3) 
Hydrogen bonding 
0(l)".0(lfl) 2.455(5) 0(lw)…Cl(l) 3.270(4) 
0(lwc)...Cl(l) 3.211(4) Cl(l)...0(lw)…Cl(16) 120.4(4) 
The chloride ion and water molecule in compound 1 both occupy special positions of 
symmetry 2. They are alternatively linked by 0-H--CI hydrogen bonds [O -Cl = 3.200(2) 
A, CI--O -Cl = 104.8(1)°! to generate a planar, zigzag chain running parallel to the c-axis. 
While the chloride ion and the water molecule in compound 2 both lie on Wyckoff 
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positions of 4(c) of symmetry m, and they are alternatively linked by O-H--CI hydrogen 
bonds [O…CI = 3.200(2) A, C1...0...C1 =104.8(1)°| to build up a similar zigzag chain run-
ning parallel to the c-axis in the cell. The structural parameters of these (Cl'-HzO)^ infinite 
chains in both compounds 1 and 2 are compatible with those of the cyclic, hydrogen-
bonded (C1"-H20)„ moiety found for a number of hydrated halide salts,，，as well as in. 
[{Mn(pyBET)2(H20.Cl)2U (6) [O…CI = 3.071(2) and 3.248(2) A, CI".O…CI = 
95.8(1)。，O…C1."0 = 95.8(1)1 {vide infra). 
Table 2 • 1 • 2. Comparison of bond lengths (A) and bond angles (�) in some related compounds containing a symmetric 0...H."0 bond 
Compound O H O C-O(H) C=0 C-C-O(H) C-C=0 O-C-O ref. 
Na[(MeC02)2H] 2.44(1) 1.29(1) 1.24(1) 116.1(7) 122.3(7) 121.7(7) 74 
K[(PhCH2C02)2H] 2.443(4) 1.291(3) 1 . 2 2 3 � 114.8(2) 120.6(3) 1 2 4 . 7 � 75 
K[(m-Cl-C6H4CH2C02)2H] 2.437(6) 1.290(6) 1.223(6) 114.4(4) 121.8(4) 123.8(3) 76 
K[(p.H0-C6H4CH2C02)2H]H20 2.458(6) 1.284(6) 1.232(5) 115.6(4) 120.7� 123.7� 77 
K[(o-MeC02-C6H4CH2C02)2H] 2.455(5) 1.284(6) 1.221(4) 114.5(3) 1 2 1 . 4 � 124.1(3) 78 
[(C5H5NCH2C02)2H]C1H20 2.436(6) 1.272(4) 1.201(4) 110.8(3) 121.8(3) 1 2 7 . 3 � * 
[(Me3NCH2C02)2H]ClH20 2.454(5) 1.279(4) 1.216(5) 110.0(3) 123.5(3) 126.5(3) * 
* This work. 
The lattice packing modes of compounds 1 and 2 are strikingly similar (Fig. 2.1.3), 
despite the fact that they belong to different space groups. The [(pyBET)2H]+ and 
[(BET)2H]令 cations are all packed in a "herring-bone" manner and concentrated about the 
(200) family of planes in both compounds 1 and 2. They are partitioned by striae-like . 
(Cl' HjO)^ chains which lie in planes of the type (400). 
Finally, it is worthy of note that except for the geometric parameters of the carboxyl 
group, the BET component of compound 2 is structurally similar to its protonated cationic 
moiety" and the neutral zwitterion in the monohydrate/® As shown in Table 2.1.3, the 
geometric parameters of the carboxyl group in compound 2 are almost the average of the 
respective ones in the other two species. The geometric differences can be correlated to 
strength of interaction between the carboxyl groups and protons; when the interaction 
increases, the bond length difference of C-O and C-C=0 angle increases, together with a 
decrease of the O-C-O and C-C-0(H) angles. 
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Fig. 2.1.2. Stereoviewofthe crystal structures of [(pyBET)2H]a.H20 (I) (a) and 
[ (BET)2H]C1H20 (2) (b). The origins of the cells for both crystals lie at the upper right 
comer, with a pointing from right to left, b towards the reader, c downwards. 
Table 2.1.3. Comparison of bond lengths (A) and bond angles (°) in some protonated betaine derivatives 
compound H-bond type C-O(H) C=0 C-C-O(H) C-C=0 O-C-O lef. 
(Me3NCH2C02H)Cl (C)0. H Cl 1.316(2) 1.193(2) 109.1(2) 126.0(2) 125.1(2) 59a 
(Me3NCH2C02H)Clt (Cp- H-Cl 1.322(4) 1.199(6) 107.9(3) 126.6(3) 125.4(4) 59b 
(Me3NCH2C02>H20 (QOHOOy 1.251 � 1 . 2 3 9 � 112.6(2) 120.0(2) 127.2(2) 60 
[(Me3NCH2C02)2H]ClH20 (QQ. H..O(C) 1.279(4) 1.216(4) 110.0(3) 123.5(3) 126.5(3) * 
t second form; * This work. 
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11. Structure of (HprBET)Br l^O (3) 
Crystal Data: QHigNOaBr, FW = 230.11, orthorhombic, space group Prma (No. 62), 
a= 10.452(2), b = 6.855(2), c = 13.737(2) A,y = 984.2(5) A'’ Z = 4, = 1.542 gcm-3, 
D^ = 1.553 gcm-3, ^ = 41.0 cm-i. 
Table 11.4. Bond lengths and angles for complex 3 
Symmetry codes: d) x, 0.5-y, -z; b) 0.5+Jc，y, 0.5-z； c) -0.5+x, y, 0.5-z. 
CCIHXI) 1.307(8) C(l>-0(2) 1.196(8) 
C(l)-C(2) 1.509(9) C(2)-C(3) 1.512(9) 
C(3>-N(l) 1.513(9) N(l)-C(4) 1.510(8) 
N(l)-C(5) 1.493(6) 
0(l>_C(l>-0(2) 123.4(6) 0(1HX1HX2) 115.0(6) 
0(2>-C(l)-C(2) 121.5(6) C(l)-C(2)-C(3) 113.6(5) 
C(2)-C(3)-N(l) 114.0(5) C(3)-N(l)-C(4) 106.5 � 
0：(4)-1^(1)~€伪 108.6(3) C(3)-N(1KX5) 111.8 � 
C(5)-N(l)-C(5a) 109.4(5) 
Hydrogen bonding 
0(l>"0(lw) 2.628(8) 0(lw>"Br(16) 3.305(7) 
0(4)-Bi<l) 3.388(7) 0(lw>..Br(l)...0(lwc) 146.0(6) 





Fig. 2.1.3. Perspective view showing the molecular structure and the hydrogen bonding scheme of (HprBET)BrH20 (3) with the atom-numbering. 
Symmetric codes are given in Table 2.1.5. 
The [HprBET]+ ion of compound 3 has exact C^  molecular symmetry, as illustrated in 
Fig. 2.1.4, and is structurally similar to the protonated cations of BET®' and EtaBET." As 
shown in Table 2.1.5, the geometric parameters of the carboxyl group in compound 3 are 
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different from those in the acetate derivatives. Although the C-0 bond lengths are similar, 
both the O-C-O and C-C=0 angles of compound 3 are significantly smaller, together with 
a larger C-C-0 angle than those in the acetate derivatives. This is ascribed to the fact that 
the introduction of one more methylene group as a spacer between the quaternary am-
monium and the carboxyl group reduces the effect of the positively-charged nitrogen atom 
on the later. 
Table 2 • 1 • 5 • Comparison of bond lengths (A) and bond angles (�) of the carboxyl 
group in some related betaine derivatives 
Compound H-bond type C-O(H) C=0 C-C-O(H) C-C=0 O-C-O ref. 
(Me3NCH2C02H)Cl (C)0 H CI 1.316(2) 1.193(2) 109.1(2) 126.0(2) 125.1(2) 59a 
(Me3NCH2C02H)Clt (C)0 H CI 1.322(4) 1.199(6) 107.9(3) 126.6(2) 125.4(2) 59b 
(MejNCHzCOj^Hp (C)0 H OOy 1.251(4) 1.239(3) 112.6(2) 120.0(2) 127.2(2) 60 
(Me3NCH2CH2C02H)BrH20 (C)0. H 0(C) 1.307(8) 1.196(8) 115.0(5) 121.5(6) 123.4(6) * 
t second form. *this work. 
胸 銜 m m 
Fig. 2.1.4. Stereoview of the crystal structure of (HprBET^Br-H^O (3). 
The origin of the cell lies at the upper right comer, with a pointing from left to right, 
b towards the reader, c downwards. 
The bromide ion and the water molecule, like the cation, also lie on the Wyckoff posi-
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tion 4(c) of symmetry m (Fig. 2.1.5); species related by the a-glide are alternatively linked 
by (X-H--Br hydrogen bonds to form (Br.Hp)” planar zigzag chains. The structural para-
meters of the (Br'HiO)^ infinite chains (Table 2.1.4) are compatible with those found for 
the (Br'-HjO)^ zigzag chains in (5,5,7,12,12,14-hexamethyl-1,4,8,11-tetraazacyclo-
tetradecanediacetato)nickel(II) hydrobromide monohydrate [O…Br = 3.358(6), 3.374(6) A, 
O. Br" 0 = 124.5(3)�, Br .O. Br = 99.1(3)^,'® and for the (Br-H^O)^ spirals" in codeine 
hydrobromide dihydrate [O…Br = 3.40(1) A, a . Br.. O = 123(1)° Br . O .Br = 81(1)T 
and 1,1 -diphenylphosphorinium bromide monohydrate [O…Br = 3.35(1), 3.25(1) A, 
C>..Br. .O = 117.6(7)0，Br . O. Br = 11L5(7)°1.»' 
In the crystal structure of compound 3，each HprBET cation is laterally attached by a 
donor hydrogen bond from its carboxyl group to a water molecule of the (Br.HjO)” 
zigzag chain. The structure is thus of the layer type, and within each layer the out-stretched 
quaternary ammonium "side-chains" are packed in a zipper-like fashion (Fig. 2.1.5). 
III. Structure of HniBET (4) 
Crystal Data: C8H7NO4, FW = 181.15, orthorhombic, space group P2j2�2 (No. 18)，a 
=9.659(2), b = 16.071(2), c = 4.9028(4) A, V = 761.0(2) A，，Z = 4, = 1.572 gcm-3, 
D, = 1.581 gcm-3, F(000) = 376，= 1.20 cmK 
\ �� 8 
@ 0(2a) 
Fig. 2 .1.5. Perspective view showing the molecular structure and the hydrogen bonding scheme of HniBET (4) with the atom numbering. Symmetric code are 
given in Table 2.1.6. 
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The molecule consists of two different asymmetric carboxy fragments with very similar 
geometric parameters, although both the C-O and C=0 bond lengths [1.286(4) and 
1.231(3) A] in the carboxylate that is conjugated with the pyridine ring are slightly longer 
than the respective ones [1.278(3) and 1.220(4) A] in the acetate group. The geometry of 
the acetate group is similar to that found in the strongly hydrogen-bonded dimeric cations in 
both compounds 1 and 2. 
Table 2.1.6. Bond lengths and angles for complex 4 
Symmetry codes: a) 0.5-x, -0.5+y, 2-z. 
C(l)-0(1) 1.286(4) C(l)-0(2) 1.231(3) 
C(l)-C(2) • 1.513(4) C(2)-C(3) 1.371(4) 
C(3)-C(4) 1.393(3) C(2H:(6) 1.385(4) 
C(4)-C(5) 1.379(3) C(5)-N(l) 1.342(4) 
N(l)-C(6) 1.351(4) N(l)-C(7) 1 . 4 7 5 � 
C(7K:(8) 1.522(4) C(8)-0(3) 1.220(4) 
C(8HX4) 1.278(3) 
0(1)-C(1K>(2) 126.6(3) 0(1)-C(1)-C(2) 114.9(2) 
0(2)-C(l)-€(2) 118.5(1) C(l)-C(2)-C(3) 120.5(2) 
C(1)-C(2H:(6) 120.1(2) C(3)-C(2)-C(6) 119.4(3) 
C(2)-C(3)-C(4) 120.2(3) C(3)-C(4)-C(5) 118.4(2) 
C(4)-C(5)-N(l) 120.6(3) C(5)-N(l)-C(6) 121.6(2) 
C(5)-N(1H:(7) 118.8(2) C(7>-N(l>-C(6) 119.5(2) 
C(2)-C(6>-N(l) 119.6(2) N(l>-C(7)-C(8) 110.8(2) 
C(7)-C(8)-0(3) 120.9(2) C(7)-C(8)-0(4) 112.3(2) 
0(4)-C(8)-0(4) 126.8(3) 
Hydrogen bonding 
0(4)-H(l) 1.069(3) 0(lfl>"H(l) 1.383(3) 
0(4>..0(1) 2.449(4) 0(4)-H(l>-0(la) 147(1) 
As illustrated in Fig. 2.1.5, the different carboxy fragments of two adjacent molecules 
are bridged by a proton, resulting in a hydrogen bond of 2.449(4) A, which is very similar 
to those found in both of the very strong hydrogen-bonded dimeric structures of compound 
1 [2.436(6) A] and compound 2 [2.454(5) A], and qualifying it as a "very strong” 
hydrogen bond.^ ^ The hydrogen bond is virtually linear with 0(4)-H(l) = 1.069(3), 
O(lfl)…H(l) = 1.383(3) A, and the 0(1)—H(1)…O(lfl) = 174(1)�in a  ordered proton 
arrangement. Strong hydrogen bonds of this type link the molecules into a polymeric 
zigzag chain in the direction of 办-axis, as illustrated in Fig. 2.1.6. Although the proton lies 
closer to the acetate group, indicating asymmetry of the hydrogen bond, the geometric 
similarity of the two carboxy fragments implies that compound 4 is more similar to the type 
A2 than to the type Bj acid salts of dicarboxylic acids" Similar infinite chains of strongly 
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hydrogen-bonded dicarboxylic acid salts are known to exist in alkali salts of hydrogen 
oxydiacetate••‘ 
Fig. 2.1.6. Stereoview of the crystal structure of HniBET (4). The origin of the 
cell lies at the upper right comer, with a pointing from left to right, b towards the reader, 
c downward. 
It is noteworthy that the two carboxy fragments participating in the hydrogen bond are 
not coplanar, the dihedral angle between 0(3)-C(8)-0(4) and O{\d)-C(\d)-O{2a) being ca. 
61°. The acetate group lies in a plane that is almost perpendicular to the aromatic ring 
(dihedral angle ca, 84°); in contrast, the aromatic carboxylate group in the same molecule is 
nearly coplanar with the aromatic ring (dihedral angle ca, The conformation of the 
hydrogen bond in compound 4 is thus different from the coplanar configuration of the 
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2.2. Complexes of manganese(II)，cobalt(Il)，and nickel(ll) 
2.2.1. Structures of two Mn(n) complexes [{Mn(pyBET)2(H20-Cl)2} J (5) 
and [{Mn(BET)3}J-/iMnCl4 (6) 
1. Structure of [{MiKpyBET^O.Cl)�} J (5) 
Crystal Data: CiAHisNaMnOgClz，FW = 436.15, monoclinic, space group Pljc (No. 
14)，a = 4.6895(3), b = 15.913(2), c = 11.988(1) A, p = 91.987(9)� ,= 894.0(2) A，, z = 
2, Dm = 1.617 gcm-3, D, = 1.620 gcnr^, m- = 10.4 cm-i. 
Table 2.2.1. Selected bond lengths and angles for complex 5 
Symmetric codes: a) 1-x, -y, -z; b) -x, -y, -z; c) -1+x, y, z; 
d) l+jc, y, z; e) 2+x, -y, -z. 
Mn(l)-0(lw) 2.197(2) Mn(l>-0(1) 2.201 � 
Mn(l)-0(2a) 2.155(2) C(l)-0(1) 1.252(3) 
C(l>-0(2) 1.244(3) 
0(l>-Mn(l)-0(lw) 87.7(1) 0(lw)-Mn(l)-0(2tJ) 84.2(1) 
0(2fl)-Mn(l>-0(l) 87.3(1) Mn(l)-0(1)-C(l) 124.6(2) 
Mn(lc)-0(2)-C(l) 127.9(2) 0(l)-C(l)-0(2) 126.9(3) 
Hydrogen bonding 
Cl(l)-0(lw) 3.248(2) 0(lw>..Cl(lc) 3.071(2) 
Cl(l)".0(lw>.Cl(lc) 95.8(1) 0(lw>"Cl(l)-0(lwg) 95.8(1) 
The Mn(l) atom of complex 5 is located at an inversion center. As shown in Fig. 
2.2.1, a pair of Mn(ll) atoms separated by a non-bonded distance of 4.6895(3) A are linked 
by two carboxylato bridges in an unusual non-planar syn-sktv/ mode, which is intermediate 
between the syn-syn and syn-anti coordination modes (see Fig. 2.2.3) commonly found in 
metal carboxylate." The 0(1) atom of complex 5 coordinates the Mn(l) atom in an out-of-
plane skew fashion with the torsion angle Mn(l)-0(1)-C(l)-C(2) = 74.6(3)�to form a 
Mn(l)-0(1) bond of length at 2.201(2) A, which is significantly longer than that of the 
Mn(la)-0(2) [2.154(2) A] with 0(2) atom acting in the common syn mode [the torsion 
angle Mn(la)-0(2)^(1)-C(2) = -169.1(2)°]. The coordination geometry about each Mn(n) 
atom is a slightly distorted octahedron with aqua ligands occupying the trans positions 
[Mn(l)-0(lw) = 2.198(2) A]. The most distorted angle in the octahedron is 
0(lw>-Mn(l)--0(2fl) at 84.2(1)° The Mn-0(pyBET) bond lengths bracket the mean value 
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Fig. 2.2.1. Perspective view showing the coordination geometry about the Mn(ll) atom in the cationic chain and the hydrogen bonding scheme of 5, as well as the 
atom-numbering scheme. Symmetric codes are given in Table 2.2.1. 
Each pair of adjacent metal atoms are bridged by a pair of the 53?rt-skew carboxylato 
groups of pyBET, as illustrated in Fig. 2.2.1，resulting in a linear one-dimensional cationic 
chain running parallel to a-axis. The chloride ions are attached to this cationic chain by 
forming 0~H...C1 hydrogen bonds with the aqua ligands, constructing a (Cl-.H:�)” zigzag 
chain along the cationic chain [O…CI = 3.071(2) and 3.248(2) A, CI…O. Cl = 95.8(1)。， 
and O…C1“.0 = 95.8(1)°| which is similar to analogous chains found in both compounds 
1 and 2 (yidesupra), 
11. Structure of [{Mn(BET)3} J”MnCl4 (6) 
Crystal Data: CisHssH^MnzOeCl*, FW = 603.13, trigonal, space group P3 (No. 147)， 
a = 12.880(2), c = 9.1173(8) K v = 1309.9(3) A，，Z = 2, = 1.515 gcm-3, D, = 1.529 
gcm-3, |i= 13.7 cm-i. 
The crystal of complex 6 comprises discrete tetrachloromangaiiate(13) anions and linear 
cationic chains. In the anions, the Mn(3) atom, as located Wyckoff position 2(d) of 
symmetry 5, is coordinated by four chloro ligands in a slightly distorted tetrahedral 
configuration (Fig. 2.2.2) with Mn-Cl bonds at 2.365(3) A and Cl-Mn-Cl angles at 
106.0(1) and 112.7(1)®. In the cationic polymeric chain, the independent Mn(l) and Mn(2) 
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atoms respectively occupy Wyckoff position 1(a) and 1(b) of symmetry 3; accordingly both 
adopt trigonal-prismatic (C3,) coordination geometries. The Mn-O bond lengths 
[Mn(l)-0(1) = 2.189(4), Mn(2)-0(2) = 2 . 1 6 9 � A] are compatible to those for complex 
5. Each pair of adjacent metal atoms are separated by a non-bonded distance of 4.5587(8) 
多、being bridged by the bidentate carboxylato groups of three BET ligands into a linear 
cationic chain running along c-axis. 
Table 12.2. Selected bond lengths and angles for complex 6 
Symmetric codes: d) -y�x-y^ z; b) -x，-z; c) -x, -y, -z; d) y, y-x, -z; e) x-y^ -x’ -z; 
f ) -•*’ -y, 1-z; g) y-x, 1-z; h) x-y, x, l-z; i) y-x, 1-x, 2; j) -y，l+x-y. z; 
Mn(l)-0(1) 2.189(4) Mn(2H)(2) 2.169(3) 
Mn(3)"€l � 2.365(3) Mn(3)-Cl(2) 2.365(3) 
C(1H)(1) 1.243(5) C(l)-0(2) 1.261(7) 
0(l)-Mn(l)-0(la) 93.2(1) 0(l>-Mn(l)-0(ld[) 86.8(1) 
0(2)-Mn(2)-0(2a) 88.2(1) CX2>-Mn(2)-0(2^) 91.8(1) 
Cl(l)-Mn(3)-Cl(2) 106.0(1) Cl(2)-Mn(3)-Cl(20 112.7(1) 
Mn(lH)(l)~C � 135.9(4) Mn(2)-0(2)-C(l) 121.4(3) 
0(l>-C(l>-0(2) 126.9(3) 
PC(4) 
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Fig. 2.2.2. Perspective view showing the coordination geometry about the Mn(ll) atoms in the cationic chain and the anion of 6, as well as the atom 
numbering scheme. Symmetry codes are given in Table 2.2,2. 
An interesting feature of complex 6 is that the carboxylato group of BET bridges Mn(n) 
atoms in an abnormal non-planar skew-skew fashion (cf. Fig. 2.2.3(e)), which differs from 
the coplanar syn-syn, syn-anti and anti-anti bridging modes commonly found in metal 
carboxylates/'® and is also distinct from the unusual non-planar 5}?«-skew mode found in 
both complex 5 and [Cd3(pyBET)4ClJ 17 {vide infra). In the present cationic chain, the 
0(1) atom coordinates Mn(l) atom in an out-of-plane skew fashion with the torsion angle 
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Mn(lH)(l)-C(l)-C(2) = 145.0(4)° and the Mn(2H)(2) bond is rotated out of the plane 
of the carboxylato group by an even greater extent [the torsion angle Mn(2)-0(2)-C( 1)-
C(2) = -86.2(4)°!. The Mn(l) and Mn(2) atoms thus lie on the same side of the plane 
containing the carboxylato group of the BET ligand. Presumably an alternative skew-skew 
bridging mode with the two bridged metal atoms on the different sides of the carboxylato 
plane (Fig. 2.2.3(f)) might be also possible for metal carboxylates and betaine complexes. 
2.2.2. Discussion on the two manganese(II) complexes 5 and 6 
R R R 
入 入Z从 M C M 
/ \ / M M M 
a) syn-syn coplanar b) syn-anti coplanar c) anti-anti coplanar 
(180，180) (180,0) (0,0) 
R R R 
0 人。 0 入。 p z C � / \ y V V M M M M M M 
d) syn-skew non-planar e) skew-skew non-planar 0 skew-skew non-planar 
(180. -90) (90’ -90) (90’ 90) 
Fig. 2.2.3. Six idealized bridging modes of carboxylate and betaine ligands in their metal complexes. Enclosed in the parentheses are the numerical values of the pair of the R-C-O-M torsion angles O for each type of geometry. 
The most important feature in both complexes 5 and 6 is the out-of-plane skew coor-
dination fashions of the carboxylato group, which have not been reported hitherto. The 
extent of the skew coordination can vary in a range of absolute values from 10° to near 90° 
As is shown in Table 2.2.3, the extent of skew coordination has a direct relation with the 
length of the C-O bond involved in the skew coordination. The greater extent of the skew 
coordination, the longer is the C-O bond length. This fact implies the increased extent of 
the skew coordination is accompanied by the increased extent of the p^ orbital of the 
corresponding carboxylato oxygen participating into the metal-oxygen bonding, thus 
weakening the 冗一bonding in the C-O bond. On the other hand, the greater skew extent 
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seems not to lengthen the metal-oxygen bond, although the longest bond, i.e. Mn(l)-0(1) 
in complex 6, has a significant skew extent of the metal atom rotated out of the carboxylato 
plane, and the Mn-0(carboxy) bond involving an intermediate extent of skew coordination 
has longer Mn-0 bonds. In contrast, the Mn(2)-0(2) involving the greatest extent of skew 
coordination in complex 6 has a length of 2.169(3) A, close to that [2.155(2) A] of' 
Mn(l<3)-0(2) of complex 5 in the least skew extent. Thus the Mn-0 bond length cannot be 
simply correlated to the extent of the skew coordination. 
Table 2 .2 .3 . Comparison of the skew extent of the bridging carboxylato group with the related bond lengths (A). 
complex fragment torsion angle(°) C-0(M) Mn-0(C) 
5 Mn(lfl)-0(1)-C(l)-C � -169.1(2) 1.244(3) 2.155(2) 6 Mn �-0(1)-C(1)-C � 145.0(4) 1.243(5) 2.189(4) 5 Mn(l)-0(1)-C(l)-C(2) 74.6(3) 1.252(3) 2.201(2) 
6 Mn � -0 (2) -C � - C ( 2 ) -86.2(4) 1.261(7) 2.169(4) 
The crystal structures of manganese(ll) carboxylates have been studied extensively, and 
the polymeric structures generally predominate, in which the carboxylato group can form 
different coordination modes." Among the polymeric structures, most of them are three- or 
two-dimensional species. For example, three-dimensional polymers have been found in 
[{Mn(HC02)2(H20)2}and orthorhombic [{Mn(gly)2(H20.Br)2} J . " Two-dimensional 
polymers exist in [{MnCMeCO^O)!} J , [{Mi^ PhOCHzCOj^ O)山],，。and mono-
clinic [{Mn(gly)2(H20.Br)2}„] (gly = glycine, HsN+CHzOV), Only one example of a 
one-dimensional polymeric structure has been reported in the propionate complex 
[{Mn(EtC02)2(H20)2}„]," in which the distorted octahedrally coordinated Mn(n) atoms are 
linked by three kinds of bridges to form a infinite zigzag chain; besides the bidentate 
bridging carboxylato-0,0' group in the common syn-syn mode, there are also a unidentate 
carboxylato-^i-1,1-0 group and a bridging aqua ligand. Thus the present two linear one-
dimensional cations constitutes two new structural varieties, not only by virtue of their 
polymeric nature, but also for the unusual ^yn-skew or skew-skew coordination mode of 
the bridging carboxylato group. Moreover, no tris(carboxylato-(9,0')-bridged mangan-
ese(Il) complex has hitherto been reported. Indeed, whereas both bis- and tetrakis-
(carboxylato-0,(9')-bridged metal complexes, e.g. dimeric [Ag2(carboxylato-0,(>，)2L„] (n = 
0-2) and [M2(carboxylato-0,0’)4LJ (n = 0, 2) are now well established as stated before 
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(yide supra), the literature has no record of any tris(carboxylato-0,0')-bridged complex of 
divalent or trivalent transition metals. Hence the cationic polymeric chain in complex 6 
represents a unique structural variety exhibiting a tris(carboxylato-0,0') bridging geometry. 
2.2.3. Structures of two cobalt(n) complexes [Co(BET)2(H20)4]Cl2.4H2O 
(7) and [Co(pyBET)4(H20)2].2[Co(pyBET)Cl3] (8) 
1. Structure of [Co(BET)2(H20)4]Cl2.4H20 (7) 
Crystal Data: CioHsgN^CoOijClj, FW 二 508.33, monoclinic, space group F2Ja (No. 
14), a= 8.530(2), b = 11.928(1), c = 12.188(3) A , p = 103.67(2)。，= 1204.9(2) A，’ z = 
2, = 1.405 gcm-3, / ) � = 1.401 gcm-3，^ � 9.9 cm-i. 
Table 2 .2 .4 . Selected bond lengths and angles for complex 7 
Symmetry codes: a) -x, -y, -z; b) 0.5-x, -0.5+}', -z; 
c) 0.5-;c, 0.5+;y, l-z;d)0.5+x, -0.5-)’ z. 
Co(l)-0(lw) 2.087(2) Co(l)-O(2w) 2.101(2) 
Co(l)-O(l) 2.097(2) C(lHXl) 1.251 � 
C(l>-0(2) 1.246(4) 
0(1H:O(1)-0(1W) 92.5(1) 0(lw)-Co(l>-0(2w) 92.2(1) 
0(2w)-Co(l>-0(l) 89.2(1) 0(l)-Co(lK)(2wa) 87.5(1) 
Co(l>-0(l)-C(l) 126.9(2) 0(1)-C(1H)(2) 126.1(3) 
The crystal structure of complex 7 consists of discrete [Co(BET)2(H20)4]2+ cations, 
chloride ions, and lattice water molecules. As illustrated in Fig. 2.2.4, each metal atom in 
the cation is located at an inversion center, being coordinated by four aqua ligands 
[Co-0(aqua) = 2.087(2) and 2.101(2) A] and two trans-iclaiod BET ligands through their 
unidentate carboxylato groups [Co-0 = 2.097(2) A] in a slightly distorted octahedral 
environment with the most distorted O-Ca-O bond angle being 87.5(1)° Each unco-
ordinated carboxy oxygen atom forms an intramolecular hydrogen bond with an aqua ligand 
[0(2)…0(1 w) = 2.718(4) A] and an intermolecular hydrogen bond with a lattice molecule 
[0(2)...0(2wg) = 2.706(5) A]. The same structure motif has been found in several simple 
cobalt(ll) carboxylates such as [Co(MeC02)2(H20)4],，2 [Co07-N(VC6H4CO2)2(H2O)4] 
.2HA，，[Co(AMosylglycinato)2(H20)4], [。。(；？-①^^-仏！^^⑶风从邸)々].!!!々， 
On the other hand, the structure of complex 8 is different from some other complexes of an 
analogous zwitterionic ligand, namely glycine, examples being [Co(gly)2(H20Br)2] ‘ 
[Co(gly)2(H20.Cl)2],” and [Co(gly)(H20)4](N03)2’，7 which are all polymeric species. 
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Fig. 2.2.4. Perspective view showing the coordination geometry about the Co(II) atom and the hydrogen bonding scheme in 7, as well as the atom-numbering scheme. Symmetry codes are given in Table 2.2.4. 
im藝」. 
Fig. 2.2.5. Stereoview of the crystal structure of [Co(BET)2(H20)4]a2.4H20 7. The origin of the cell lies at the upper right comer, with a pointing towards the reader, b from right to left, and c downwards. 
Hydrogen bonding plays an important role in consolidating the crystal structure. Each 
aqua ligand forms two donor hydrogen bonds, each lattice water molecule two donor and 
one acceptor hydrogen bonds, while the chloride ion is involved in four acceptor hydrogen 
bonds in a distorted tetrahedral geometry as illustrated in Fig. 2.2.4. These hydrogen 
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bonds build up a three-dimensional network in the cell (Fig. 2.2.5). Details of the hydro-
gen bond parameters are given in Table 2.2.6. 
II. Structure of [Co(pyBET)4(H20)2].2[Co(pyBET)Cl3] (8) 
Crystal Data: C^fl^^N^CojP^^pi^, FW = 1248.38, triclinic, space group PI (No. 2), a = 
8.2512(5), b = 13.325(2), c = 13.542(2) A, a = 65.641(9), p = 88.781(8), y = 
73.722(7)0，V = 1294.4(2) A，，Z=l,D^= 1.606 gcnr^, D, = 1.601 gcm\ = 13.4 c m � 
Table 2.2.5. Selected bond lengths and angles for complex 8 
Symmetry code d) -x, -y -z. 
Co(lHXlw) 2.127(2) Co(lH)(ll) 2.089(2) 
Co(l>-O(21) 2.090(2) C(ll)-0(11) 1 . 2 4 9 � 
C(LL)-0(12) 1.237(3) C(21)-0(21) 1.242(3) 
C(21H)(22) 1.238(3) Co(2)-0(31) 1.974(2) 
Co(2)-Cl(l) 2.259(1) Co(2)-Cl(2) 2.259(1) 
CO(2H:1(1) 2.288(1) C(31)-0(31) 1.271(4) 
C(31)~0(32) 1.223(3) 
0(ll)-Co(lHXlw) 92.5(1) 0(ll)-Co(l)-0(21) 92.2(1) 
0(lw)-Co(l)-0(21) 93.5(1) CO(1)-0(1H:(1) 126.9(2) 
Cl(l)-Co(2)-O(31) 112.7(1) CKiyCoCiyOOl) 114.9(1) 
Cl(3>-Co(2)-O(31) 101.6(1) Cl(l)-Co(2)-Cl(2) 111.1(1) 
C1(1)-CO(2K:1(3) 107.2(1) Cl(2^Co(2^Cl � 108.5(1) 
Co(2)-0(31)-C(31) 125.4(1) O(ll)-C(ll)-O(12) 127.6(3) 
0(21K:(21>-0(22) 127.8(2) 0(31)-C(31)-0(32) 127.8(3) 
Complex 8 comprises centrosymmetric [Co(pyBET)4(H20)]2+ cations and tetrahedral 
[Co(pyBET)Cl3]- anions in a 1:2 molar ratio. In the cation the metal atom is coordinated by 
two trans-Ttl&tQd aqua ligands [2.127(2) A] and the unidentate of two pair of pyBET 
ligands [2.090(2) A] in a slightly distorted octahedral environment. It is interesting that 
each aqua ligand forms two intramolecular hydrogen bonds [O…O = 2.696(3) and 2,738(3) 
A] with the uncoordinated carboxy oxygen atoms (Fig. 2.2.6). This structure is different 
from complex 9. In the anion, the Co(ll) atom is coordinated by three chloro ligands 
[Co-Cl = 2.259(1)-2.288(1) A] and a "pure unidentate" carboxylato group of pyBET 
[Co-O = 1.974(1) A] in a distorted tetrahedral geometry, and the most distorted bond angle 
is Cl(2)-Co(2)-0(31) at 114.9(1)�. The packing of the molecular cations and anions in the 
crystal structure involves normal van der Waals contacts. It is noteworthy that although a 
tetrakis(carboxylato-(9)cobalt(n) complex has been found in an uncommon complex 
(AsPh4)2[Co(F3CC02)4]，，，in which the Co® atom is tetrahedrally coordinated by four 
unidentate carboxylato groups, no similar structure of the cation has been reported to date. 
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Seen in this light, the cation in complex 8 provides yet another structural variety among 
cobalt(n) carboxylates. t r 0(110) J ^ Co(2) I 
胡仏丨 
。C(16) 
Fig. 2 .2 .6 . Perspective view showing the structure of the ions in 8 and the atom-numbering scheme. H-bonds are represented by broken lines. Symmetric codes are given in Table 2.2.5. 
Table 2.2.6. Hydrogen bond lengths (A) and angles (°) for complexes 7~9 
For 7 
0(2>-0(lw) 2.718(5) 0(lw>..0(3w) 2.712(5) 
0(2w>-Cl(l) 3.129(4) 0(2w)-0(2^) 2.706(5) 
0(3w>-Cl(l) 3.201(4) 0(3w)...0(4wc) 2.753(5) 
0(4w)-Cl(l) 3.119(4) 0(4w>-Cl(lflO 3.185(4) 
Co(l>-0(lw>-0(2) 86.8(2) Co(l)-0(lw)-0(3w) 115.7 � 
0(2)...0(lw)...0(3w) 126.9(2) Co(l)-0(2w)-0(2Z?) 121.2(2) 
Co(l)-0(lw>"0(3w) 123.3(2) 0(lw)..0(2)...0(2wg) 130.5(4) 
0(2^>..0(2w>..Cl(l) 103.6(4) a(l)…0(3w>..0(lw) . 104.9(3) 
0(lw>-0(3w>"0(4wc) 119.8(4) Cl(l>..0(3w)...0(4wc) 108.5(3) 
C1(1)...0(4w>..CK1^jO 106.1(3) Cl(l)...0(4w)."0(3WE) 108.1(3) 
Cl(l 办..0(4w)...0(3we) 118.3(3) 0(2w)-Cl(l)-0(4w) 113.4(3) 
0(2w>-Cl(l)-0(3w) 67.0(3) 0(2w>"Cl(l)-0(4w/) 148.0(3) 
0(3w>..Cl(l)...0(4w) 110.4(3) 0(3w>..Cl(l)...0(4>^ 132.7(3) 
0(4w>-Cl(l)”.0(4wy) 85.2(3) 
For 8 
0(12>"0(lw) 2.696(3) 0(22>..0(lw) 2.738(3) � 0(12>-0(lw)-0(22) 106.7(1) Co(l)~0(lw)...0(12) 86.9(1) 
Co(l)-0(lw>-0(22) 87,4(1) 
For 9 
0(12>..0(2w) 2.651(7) 0(6)...0(2w) 2.776(8) 
0(3fl>"0(lw) 2.808(8) 0(12^)...0(lw) 2.705(7) 
0(22>"0(4w) 2.677(7) 0(5fl)-0(4w) 2.801(8) 
0(2>-0(3w) 2.774(8) 0(22c)-0(3w) 2.738(8) 
Ni(l>-0(lw)-0(12) 89.6(3) Ni(l)-0(4w>..0(22) 87.9(2) 
0(12>"0(2w>-0(6) 112.6(4) 0(12^>-012w>-0(3a) 116.2(4) 
0(2>..0(3w)".0(22c) 113.1(4) 0(22)-0(4w)-0(5a) 115.5(4) 
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2.2.4. Structure of [Ni(BET)2(H20)4](N03)2 (9) 
Crystal Data: CioHsoNaMO^ FW = 489.07, triclinic, space group PI (No. 2), a = 
6.434(1), b = 12.570(2), c = 13.244(3) A, a = 90.68(2), p = 91.28(2)，y = 91.57(2)�, V = 
1068.7(4)入〜z = 2, = 1.514 gcm-3, = 1.520 gcm-3, ^ = 8.9 c m � 
Table 2.2.7. Selected bond lengths and angles for complex 9 
Symmetry codes: d) -x’ l-y, 1-z; b) -x, l-y^ -z. 
Ni(lHXlw) 2 . 0 5 4 � Ni(2HX3w) 2.060(4) 
Ni(l)-0(2w) 2.071(4) Ni(2)-0(4w) 2.081(4) 
Ni(l>-0(11) 2.045(4) Ni(2HX21) 2.048(4) 
C(LL)-0(11) 1.257(7) C(21)-0(21) 1.244(7) 
C(LL)-0(12) 1.241(7) C(21)-0(22) 1.233(7) 
O(2w)-Ni(l)-O(lw) 88.8(2) 0(3w)-Ni(l)-0(4w) 91.6(1) 
0(lw>-Ni(l)-0(ll) 90.9(1) O(3w)-Ni(l)-O(21) 90.6(1) 
0(2w>-Ni(l)-0(ll) 92.4(1) 0(4w)-Ni(lHX21) 86.4(1) 
Ni(l)-0(11)-C(ll) 129.8(4) Ni(l>-0(21)-C(21) 128.9(4) 
The crystal structure of complex 9 features discrete [Ni(BET)2(H20)4]2+ cations and 
nitrate anions. There are two independent but very similar centrosymmetric complex 
cations in the asymmetric unit. As illustrated in Fig. 2.2.7, each Ni(II) atom in the cation 
being located at an inversion center, is coordinated by four aqua ligands [Ni-0(aqua)= 
2.054(4) and 2.081(4) A] and the unidentate carboxylato groups of two trans-Ttlaxcd BET 
ligands [Ni-0(cartx)xy) = 2.048(4)�2.054(4)入]in a slightly distorted octahedral environ-
ment, being analogous to the cation in complex 7. The most distorted O-Ni-O bond angle 
being 86.4(1)°. Each uncoordinated carboxy oxygen atom forms two moderately strong 
hydrogen bonds: one intramolecular hydrogen bond with a coplanar aqua ligand [mean 
2.664(5) A] and one intermolecular hydrogen bond with adjacent aqua ligand [mean 
2.722(6) A]. The same structure motif has been found in some nickel(n) carboxylates, 
e.g. [Ni(MeC02)2(H,0)4],"" [Ni(m-Cl-QH5C02)2(H,0)4][NiiClCU^CO^XU^O),]' 
HA"o and [NKA-CHO-QHaOCHzCOjMHPU” 
The aqua ligands form donor hydrogen bonds with both the nitrate anions and the 
carboxylato group to build up a three dimensional network, as shown in Fig. 2.2.8. 
Detailed of the hydrogen bond parameters are listed in Table 2.2.5. 
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Fig. 2.2.7. Perspective view showing the structure of the cation in 9 and the atom-numbering scheme. H-bonds are represented by broken lines. Symmetric codes are 
given in Table 2.2.5. 
Fig. 2.2.8. Stereoview ofthecrystal structure of [Ni(BET)2(H20)J(N03)2 9. 
The origin of the cell lies at the upper right comer, with a pointing from left 
to right, b towards the reader, and c downwards. 
2.2.5. Discussion on the Co(II) and Ni(II) complexes 7 � 9 
The common important feature for the above-mentioned cobalt(II) and nickel(II) 
complexes of betaines is the intramolecular hydrogen bonding. These hydrogen bonds may 
play a dominant role in stabilized the octahedral coordination geometry involving both the 
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aqua and unidentate carboxylato ligands, and account for the near equivalence of the two 
carboxylato C-O bond lengths in each carboxylato group. For example the C-0 bond 
lengths of each BET ligand are 1.251(3) and 1.246(4) A for complex 7, 1.257(7) and 
1.241(7), 1.244(7) and 1.233(7)入 for complex 9, in contrast to the markedly different 
bond lengths in the protonated carboxy group of BET [C-O(H) = 1.316(2), C=0 = 
1.193(2) A]s9 and in common unidentate carboxylato ligands." Hence the carboxylato 
groups in both 7 and 9 may be described as acting in a "pseudo-chelating" mode. Similar-
ly, the C-O bond lengths for each pyBET have only small difference in the cation [1.249(3) 
and 1.237(3); 1.242(3) and 1.238(3) A] as compared to that of the unidentate carboxylato 
group [1.271(4) and 1.223(3) A] in the anion of complex 8. The carboxylato group in the 
cation may be also be described as "pseudo-chelating". 
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2.3. Zinc(II) Complexes 
The crystal structures of zinc(II) carboxylates have been widely studied.'®' In the 
octahedral zinc(U) carboxylates, the metal atom is commonly coordinated either by two 
unidentate carboxylato groups and four neutral ligands, as in [Zn(C6H3Cl20CH2C02)2-
(H20)4]m or by two chelating carboxylato groups and two neutral ligands, as in 
[Zn(MeC02)2(H20)2]8 and [Zn(Ph0CH2C02)2(H20)J.i®3 In contrast, the crystal structures 
of the tetrahedral zinc(II) carboxylates are relatively less well studied;'®' in such complexes 
the Zn(n) atom is commonly coordinated by two unidentate carboxylato groups and two 
neutral ligands, two examples of this type being [Zn(C6H3Cl20CHC02)2(H20)2r�2 and 
[Zn(MeC02)2{SC(NH2)2}2]严 
2.3.1. Structure of [Zn(pyBET)(H20)Cl2] (10) 
Crystal data: QHyNZnOsCl?，FW = 291.44, triclinic, space group PJ (No. 2), a = 
6.166(1)，b = 8.667(1)，c = 9.783(1) A, a = 82.94(1), p = 89.01(1), y 二 83.74(1)。，V = 
515.79(9)入3，Z = 2，Dm = 1.870 gcm-3，D^  = 1.876 gcnr，，p. 二 29.5 cm-\ 
Table 2.3.1. Selected bond lengths and angles for complex 10 
Symmetric codes: d) l-x, -y, -z; . 
Zn(l)-Cl(l) 2.231(1) Zn(l)-Cl(2) 2.219(1) 
Zn(lHXlw) 2.051(1) Zn(l)-0(1) 1.936(1) 
C ( 1 H ) � 1.266(2) C(l>-0(2) 1.234(2) 
Cl(l)~Zn � >0(2) 115.9(1) 0(lw>-Zn(l)-Cl(2) 103.1(1) 
Cl(2)-Zn(l)-0(lw) 104.6(1) Cl(l)-Zn(l)-0(1) 117.8(1) 
Cl(2)-Zn(lKO(l) 109.0(2) 0(lw)-Zn(lH)(l) 104.7(2) 
Zn(lHXl)~C � 126.4(1) 0(l>-C(l>-0(2) 127.3(2) 
Hydrogen bonding 
0(l)...0(lwfl) 2.710(2) C(1>~0 �…O(lwfl) 140.7(2) 
Complex 10 exists primarily as a discrete [ZnCpyBETXHzCOClJ molecule (Fig. 2.3.1). 
The Znai) atom is coordinated by one unidentate pyBET ligand [Zn~0(carboxy) = 1.939(1) 
入]，two chloro ligands [Zn-Cl 二 2.231(1) and 2.219(1)入]，and one aqua ligand 
[Zn-0(aqua) = 2.051(1) A] in a distorted tetrahedron in which the most distorted angle is 
0(1)-Zn(l)-Cl(l) at 117.8(1)�. The Zn-0(aqua) bond length is significantly longer than that 
of the Zn-O(carboxy) bond. On the other hand the Zn-Cl bond lengths are markedly shorter 
than the average Zn-Cl bond length of 2.359 人 in tetrahedral zinc(n) complexes•… 
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Fig. 2.3.1. Perspective view showing the molecular structure of 10 and the atom numbering scheme. 
Fig. 2.3.2. Stereoview of the crystal structure of [Zn(pyBET)(H20)Cy (10). The origin of the cell lies at the upper right comer, with a pointing towards the reader, b from right to left at a slant, and c downwards. Hydrogen bonds are represented by broken lines. 
A Stereoview of the crystal structure of complex 10 is shown in Fig. 2.3.2. A pair of 
adjacent molecules are linked by two intermolecular hydrogen bonds between the unco-
ordinated carboxy oxygen atom and the aqua ligand [0(2)…O(lwfl) = 2.710(4) A] into a 
centrosymmetric, hydrogen-bonded dimer. 
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2.3.2. Structure of [Zn(pyBET)2Cl2] (11) 
Crystal data: CIAHIANJZHOACIZ, FW = 410.48, triclinic, space group PI (No. 2), a = 
7.313(1), b = 8.734(3), c = 13.667(4) A, a = 75.86(2), p = 76.66(2), y = 81.40(2)° V = 
819.6(4) Z = 2, A„ = 1.667 gcm^ D, = 1.663 gcm^ 从=i.gg m m � 
Table 2.3.2. Selected bond lengths and angles for complex 11 
Zn(l)-Cl(l) 2.262(1) Zn(l)-Cl(2) 2.238(1) 
Zn(lHXll) 1.988(3) Zn(l)-0(21) 1.964(2) 
C(LL)-0(11) 1.268(5) C(LL>-0(12) 1.231(2) 
C(21)-0(21) 1.286(4) C(21H) (22 ) 1.224(4) 
Cl(l>"Zn(lH:i � 108.7(1) 0(11>-Zn(l)-Cl(l) 111.4(1) 
Cl(2)-Zn(l)-0(11) 109.4(1) Cl(l)-Zn(lHX21) 108.7(1) 
Cl(2>-Zn(l)-0(21) 114.9(1) 0(11)-Zn(l)-0(21) 103.9(1) 
Zn(l)-0(11)-C(ll) 118.2(2) Zn(l)-0(21>-C(21) 118.2(2) 
0(11)-C(11)-0(12) 128.4(3) 0(21)-C(21)-0(22) 128.2(2) 
- © Cld) 
。 ' 乂 
0(22) 
c l • 八 C(27, 
Fig. 2 .3 .3 . Perspective view showing the molecular structure of 11 and the atom-numbering scheme. 
As illustrated in Fig. 2.3.3, the Zn(II) atom in complex 11 is coordinated by two 
unidentate carboxylato groups of pyBET [Zn-0 = 1.964(2) and 1.988(3) A] and two 
chloro ligands [Zn-Cl = 2.238(1) and 2,262(1) A]. The [Zn(pyBET)2Cl2] molecule has an 
approximate 2-fold axis parallel to the a-axis (see Fig. 2.3.4). Both the Zn-0(carboxy) bond 
lengths and Zn-Cl bond lengths are slightly longer than the respective values in 10. These 
bond lengths are comparable to those (mean Zn-Cl = 2.256, Zn-O = 1.993 A) found in 
[Zn(gly)2Cl2](gly) in which the Zn(ll) atom is tetrahedrally coordinated by two chloro 
ligands and two unidentate carboxylato groups/®* It is of interest to note that the torsion 
angles Zn(l)~0(ll)-C(ll)-€(12) and Zn(l)—0(21)-C(21)-C(22) have values of 155.1(2) 
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and 149.8(3)°, respectively, which deviates remarkably from the idealized value (180°) for 
the coplanar syn unidentate mode of carboxylato coordination mode and the value (0°) for 
the coplanar anti unidentate mode (cf. Fig. 2.2.12). This deviation may be attributed to the 
mutual repulsion between the two carboxylato groups in the molecule. The two pyridine 
rings are fully extended away from each other, with the torsion angles 0(11)-C(11)-
C(12)-N(l) and 0(21)-C(21)-C(22)-N(2) at 3.3(5)°and -178.904)�, respectively. 
Fig. 2 .3 .4 . Stereoview of the crystal structure of [Zn(pyBET)2Cy (11). 
The origin of the cell lies at the upper right comer, with a pointing towards the reader, 
b from right to left at a slant, and c downwards. 
2.3.3. Structure of [ZnCBETQzCy.HaO (12) 
Crystal data: CioH24N2Zn05Cl2, FW = 388.58, orthorhombic, space group Imm2 (No. 
44), a = 9.269(5), b = 11.860(6)，c = 8.137(4) A,V = 894.5(3) A�，Z = 2， = 1.439 
gcm-3，Dc = 1.443 gcm\ [l = 17.3 cm]. 
Table 2.3.3. Selected bond lengths and angles for complex 12 
Symmetric codes: a) x, l-y, -z; 
Zn(l)-Cl(l) 2.231(3) Zn(l>-0(1) 1.965(7) 
C(l)-0(1) 1.27(1) C(l)-0(2) 1.22(1) 
Cl(l)-Zn(l)-Cl(la) 115.5(2) 0(11>-Zn(l>-Cl(l) 111.7(1) 
O(l)-Zn(l>-O(16) 92.2(4) Zn(l)-0(1)-C(l) 128.3(7) 
0(l)-C(l)-0(2) 126.3(9) 
Hydrogen bonding 
0(l>..0(lw) 2.90(1) 0(2) •0(lw>"0(2e) 135(1) 
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The crystal structure of complex 12 features discrete [ZnCBEI^Cy molecules (Fig. 
2.3.5), which are structurally very similar to complex 11，The Zn(n) atom, being located in 
Wyckoff position (2a) of symmetry mm, is tetrahedrally coordinated by two chloro ligands 
and two unidentate carboxylato groups [Zn-0 = 1.965(7) A]. The most distorted angle in 
the tetrahedron is Cl(l)-Zn(l)-Cl(la) at 115.5(2)° The main difference between com-
plexes 12 and 13 is that the latter has higher symmetry, and the uncoordinated oxygen 
atom of the carboxy group being out-stretched and the torsion angle Zn(l)-0(1)-C(l)-C(2) 
exactly equal to 180�. 
Fig. 2 .3 .5 . Perspective view o F o showing the molecular structure mo-s G y ^ of 12 and the atom numbering ^ scheme. / ^ 
C P C ^ C ( 2 ) l > - 0 
^ ^ Odb) 0(1) 厂 
j t ^ b ) ^ ^ f C( l ) \ 
“ \ 
CKIa) © 給 Cl(1) 
Fig. 2 .3 .6 . Stereoview of the crystal structure of [Zn(BET)2Cy. H2O (12). The origin of the cell lies at the upper right comer, with a pointing towards the reader, b from right to left, and c downwards. The disordered water molecules are represented by large circle located at their idealized positions, and H-bonds by broken lines. 
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The lattice water molecule [in Wyckoff position 4(c) of symmetry m] is disordered over 
two positions related by the mirror plane at jc = 0. As illustrated in Fig. 2.3.6，the water 
molecule (represented by a larger circle) is weakly hydrogen-bonded to two adjacent 
uncoordinated carboxy oxygen atoms [0(lw)…0(2) =2.90(1) A], building up a one-
dimensional chain running parallel to the 办-axis. The structure is thus of the layer type with 
its molecular components concentrated about the (200) family of planes. 
2.3.4. Structure of [Zn(ppBET)2Cl2] (13) 
Crystal data: CisHisNzZiiOaCIz, FW = 438.36, monoclinic, space group P2乂c (No. 
14)，a= 13.524(2), b = 9.322(3), c = 15.474(2) A,p= 106.34(2)。，V = 1871.9(5) A'，z = 
4’ D^ = 1.554 g cm-3, = 1.557 g cm\ ^ = 16.5 c m � 
Table 2.3.4. Selected bond lengths and angles for complex 13 
Zn(l)-Cl(l) 2.268(2) Zn(l)-Cl(2) 2.266(2) 
Zn(lHXll) 1.965(4) Zn(l>-0(21) 1.969(3) 
C(ll)-0(11) 1.293(7) C(LL)-0(12) 1.221(8) 
C(21)-0(21) 1.267(7) C(21)-0(22) 1.223(9) 
Cl(l)-Zn(l)-Cl(2) 108.0(1) 0(ll)~Zn(l)~Cl � 104.2(1) 
Cl(2>-Zn(l)-0(11) 114.7(1) Cl(l)-Zn(l>-0(21) 109.0(1) 
Cl(2>-Zn(l)-0(21) 106.8(1) O(ll)-Zn(l)-O(21) 113.9(2) 
Zn(l)-0(11>-C(ll) 118.1(3) O(ll>-C(ll)-O(12) 125.9 � 
Zn(l)-0(12)-C(12) 120.3(4) 0(21)-C(21)-0(22) 125.3(5) 
As illustrated in Fig. 2.3.6, the Zn(ll) atom in complex 13 is coordinated by two 
unidentate carboxylato groups of ppBET [Zn-0 = 1.965(4) and 1.969(3) A] and two 
chloro ligands [Zn-Cl = 2.268(2) and 2.266(1) A]. The Zn-O(carboxy) bond lengths are 
comparable to those in 11 and 12, while the Zn-Cl bond lengths are slightly longer than 
those in both complexes 11 and 12. The most distorted angles are Cl-Zn-O at 104.2(1) 
and 114.7(1)�. As compared to those in complex 11，the torsion angles Zn(l)~0(ll)-
C(ll)-C(12) at 170.9(3)�and Zn(l)-0(21)-C(21)-C(22) at 178.9(3)�are significantly 
close to the idealized coplanar syn coordination mode, which can be ascribed to the fact that 
with an additional methylene group as spacer, the ppBET ligand is of less steric requirement 
in the coordination sphere. On the other hand, the two ppBET ligands in complex 13 are 
out-stretched in different fashions, resulting in a lower symmetry of the molecule. 
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Fig. 2.3.7. Perspective view showing the molecular structure ci(2)⑩ of 13 and the atom numbering ^ _ scheme. \\f)CKii 
0(21) ^ Y 0(11) 
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k h C(24) 
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2.3.5. Discussion on the zinc(ll) complexes 10 � 1 3 
The most interesting feature in these zinc(n) complexes is the skew unidentate coordin-
ation fashion of the carboxylato group found in complex 11. Such a skew mode, which 
has not been reported so far, can be regarded as an intermediate between the syn and the 
anti unidentate modes (see Fig. 2.3.8). Although the skew extent is significantly less than 
those found in the syn-skcw and skew-skew bridging carboxylato groups in both 
complexes 5 and 6. As shown in Table 2.3.5, concomitant with the increase of the skew 
extent of the coordination, the length of the C-O bond involved in the coordination 
increases while the length of C=0 bond not involved in the coordination decreases. This 
trend may also be correlated to the fact that as the skew extent of the coordination increases, 
the P2 orbital of the carboxy oxygen atom contributes more to the metal-oxygen bonding, 
resulting in both weakening of the 7c-bonding of the C-O bond and strengthening of the 冗_ 
bonding of the C=0 bond. 
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Fig. 2.3.8. Three idealized unidentate modes of the carboxylate and betaine 
ligands in their metal complexes. Enclosed are the numerical values of the R-C-O-M 
torsion angles. 
Table 2 .3.5. Comparison of the skew extent of the unidentate carboxylato group with the related bond lengths (A). 
complex fragment torsion angle(°) C-0(M) C=0 
10 Zn(l)-0(1)-C(l)-C(2) 168.0(2) 1.266(2) 1.234(2) 11 Zn(l)-0(11)-C(ll)-C(12) 14.9(4) 1.268(5) 1.231(4) 11 Zn(l)-0(21)-C(21)-C(22) 30.0(3) 1.286(4) 1.224(4) 
Owing to the presence of the weak aqua ligand in complex 10, the Zn-0(carboxy) and 
the Zn-Cl bond lengths are slightly shorter than the respective ones in complex 11, 12, and 
13. As compared to complex 11, the out-stretched carboxy groups in complex 12 reduced 
their mutual repulsion in the molecule, resulting in slightly shorter Zn-Cl and Zn-0(carboxy) 
bonds and less distorted bond angles. On the other hand, the Zn-Cl bonds in complex 13 
is slightly longer than those in complexes 10，11，and 12，which may arise from the 
greater mutual repulsion between the chlorine atoms and the oxygen atoms of the 
carboxylato groups, taking into account the fact that the reduction of the positively induced 
effect with an additional methylene group as a spacer between the carboxy group and the 
nitrogen atom will result in an increased electron density on the carboxy oxygen atoms of 
ppBET as compared to that of either BET or pyBET. All the Zn-Cl bond lengths in the 
present four complexes are significantly longer than that (mean Zn-Cl = 2.209 入）for an 
N，"-dimethylformamide (dmf) adduct of ZnClj,'®^ which has an analogous tetrahedral 
ZnOjClz coordination geometry, while the Zn-0(carboxy) bonds in the present four 
complexes are shorter than the Zn-0(dm£) bonds (mean 1.988 A) in the dmf adduct, as well 
as the Zn-0(aqua) bond in 10. This difference implies that the bond lengths of Zn-Cl and 
Zn-O in the ZnOiClj core is dependent on the relative donating ability of the oxygen atom. 
Reference to Fig. 2.3.5 shows that the greater steric bulk of the pyridine ring related to the 
39 
trimethylamino group accounts for a reduction in molecular symmetry of the complex from 
C2v to C2 in complex 11. 
Both the chelating and unidentate modes of carboxylato coordination occur commonly 
in zmcQS) carboxylates/®^ Moreover, betaine ligands have exhibited both the symmetric and 
unsymmetric chelating modes in some cadmium(ll) and mercuryOl) complexes (vide infra). 
In contrast, the carboxy group of betaine ligands in present zinc(n) complexes acts uniquely 
in the unidentate mode, which may be attributed to the fact that owing to the effect of the 
positively-charged nitrogen atom, the O-C-O bond angle in betaine ligands is remarkably 
larger than that of common carboxylic acids. On the other hand, similar to the stereo-
chemistry of ZnOzCl。，the tetrahedral ZnO^Sz geometry is also commonly found for zinc(II) 
complexes containing sulfur ligands, examples being [Zn(PhCS0)2(1120)2]"* and 
[Zn{ SC(NH2)2}2(MeC02)2]Moreover, the carboxylate group serving in the bidentate 
chelating mode is commonly found in zinc(ll) complexes coordinated by two carboxylato-TI-
0,0' groups and two aqua ligands, e.g. [Zn(MeC02)2(H20)J，* [ZnCp-Cl-CsHiOCHzCOzV 
(H20)J，"3 [Zn(Ph0CH2C02)2(H20)2], [ZnC^ -^EtOCeHUCOzWH^ COJ/。，[ZnCPhCH^ S-
CH2C02)2(H20)J，"o [Zn(PhSCH2C02)2(H20)J.i" Thus the large coordinating atom like 
chlorine and sulfur tends to favor the tetrahedral geometry. Presumably the carboxylate 
group of betaines may only exhibit the chelating mode when it coordinates to metal ions of 
larger radii, or in the absence of large coordinating atoms. 
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2.4. Cadmium(Il) and Mercury(II) Complexes 
2.4.1. Cadmium(n) Complexes 
A number of crystal structures of cadmium(n) complexes of carboxylates have been 
investigated?�* In view of their biochemical significance, some cadmium(n) complexes of 
amino acids have been prepared and structurally studied/"'"* Most of them are polymeric 
species, such as [{Cc^MeCOzMHzO)?} J , [{CdCPhCH^SCH2C02)2(H20)2} J [ { C d ( P h -
SCHzCO^MHzO)山]尸[{Cd(4-HO-pro)Cl山](pro = proline)尸[{Cd(pro)Cl2} J , " ' and 
[{Cd(PhCH2SCMe2C02)2(H20)2}J."s Both monomeric and oligomeric cadmiumpi) 
carboxylates are relatively rare. Known examples include the monomeric complex 
[Cd(Ph0CH2C02)2(H20)2]，…some dinuclear complexes such as [Cd2(MeC02)4-
{SC(NH2)2}4]"' and [CdzCFsCCOjWPPhs)」，"* and some tetranuclear species such as [Cd*-
(C2iHi7N302)2(MeC02)4].(dmf).H2a” and [Cd4(pdta)2(H20)8] 8H20 (pdta = o-phenylene-
diamine-iV,"，Ar ’N’ -tetraacetate)/^ ® Only two trinuclear complexes have hitherto been re-
ported, namely [Cd3(Ci9Hi3N302)2(MeC02)2(dmf)J"，and [CdsCHedta^COs].^� .""" 
These trinuclear and tetranuclear complexes all involve multidentate ligands. 
I. Structure of [{Cd(BET)(^-Cl)2} J (14) 
Crystal data: CsHuNCdO^Clz，FW = 300,46, orthorhombic, space group Cmc2^ (No. 
36), a = 9.652(2), b = 13.991(3)，c = 7.1573(7) Kv = 996.5(3)入�z = 4，二 2.060 
gcm-3, Dc = 2.065 g cm-3, = 27.7 cm-� 
Table 2.4.1. Selected bond lengths and angles for complex 14 
Symmetric codes: a) x, l-yy -z; b) -x, l-y, 0.5+z; c) x, l-;y’ -0.5+z; 
d) -x, l-y, -0.5+z, e) -x，l-y, 0.5+z. 
Cd(l)-Cl(l) 2.631(2) Cd(l)-Cl(la) 2.614(2) 
Cd(l)-0(1) 2.291(6) Cd(l)-0(2c) 2.329(6) 
C(L>-0(1) 1.26(1) C ( 1 H X 2 ) 1.23(1) 
Cl(l)-Cd(l)-0(1) 96.4(1) Cl(l>-Cd(l>-Cl(l^) 86.6(1) 
Cl(l>-Cd(l)-Cl(lc) 91.7(1) 0(1)-Cd(l)-Cl(lc) 96.0(1) 
Cl(l^)-Cd(l>-Cl(lc) 167.6(1) Cl(lc)-Cd(l)-Cl(ldf) 87.2(1) 
Cl(l)-Cd(l>-0(2c) 83.3(1) 0(l)-Cd(l)-0(2c) 179.7(1) 
Cl(lcH:d(lH)(2c) 84.2(1) Cd(lH:i(l)-Cd(la) 87.3(1) 
Cd(l)-0(1)-C(l) 120.1(5) Cd(la)-0(2)-C(l) 146.6(6) 
0(l)-C(l)-0(2) 128.4(8) 
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The structure of complex 14 is very similar to both [ {Cd(4-HO-pro)Cl2} and 
[{Cd(pro)Cl2} In these two cadmium(II) complexes, the amino acids function as 
zwitterions, and only their carboxylate groups participate in coordination. In complex 14 
the metal atom and BET ligand both occupy Wyckoff position 4(a) of symmetry m (Fig. 
2.4.1). Every pair of Cd(n) atoms related by the 2 f axis are linked by two chloro ligands 
[Cl-Cd-Cl = 87.3(1)°| and a carboxylato bridge in the syn-syn mode to build up a chain-
like, one-dimensional polymer running parallel to the c-axis. The closest Cd…Cd contact 
of 3.620(1)入 is much larger than that (2.980 入）in the metal. The coordination geometry 
about each metal atom is a compressed octahedron, in which the oxygen atoms of two BET 
ligands occupy the trans positions. The Cd-O bond lengths are 2.291(6) and 2.329(6) A, 
and the Cd-Cl bond lengths are 2.614(2) and 2.631(2) A. The most distorted angle of the 
octahedron is Cl(l)-Cd(l)-0(2c) at 83.3(1)° 
O C(3) 
Cde. 
4 Oda) Cl(1) ^ 0(2c) 
Fig. 2 .4 .1 . Perspective view showing the coordination geometry about the Cd(ll) atom in 14 and the atonmumbering scheme. 
The O-C-O bond angle in complex 14 is large [128.4(8)°| and similar to that [126.9(3)°| 
found in [{Mn(pyBET)2(H2aCl)2} J (4). These values exceed the average value of 125� 
for the O-C-O bond angle in bridging carboxylato groups/ and are likely correlated to the 
effect of the positively-charged nitrogen atom. 
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II. Structure of [{Cd2(BET)2(H20)2Cl2( i^-Cl)J (15) 
Crystal data: CioHzsNzCdzOsClt’ FW = 636.96，monoclinic, space group P2j/c (No. 
14), a = 10.2253(6), b = 10.919(1), c = 10.062� A , p = 107.678(9)°,^  = 1070.2(2) A，， 
Z = 2, A„ = 1.970 gcm-3，= 1.976 gciir3, = 25.1 cm-i. 
Table 2.4.2. Selected bond lengths and angles for complex 15 
Symmetric codes: a) jc, 1-y，-z; b)-x, l-y, 0.5+z; c) jc, l-;y’ -0.5+z; 
Cd(lH:i(l) 2.659(2) Cd(l)-Cl(2) 2.480(2) 
Cd(lHXlw) 2 . 3 6 4 � Cd(lHXl) 2.480(3) 
Cd(l>-0(2) 2.332(3) Cd(l)-Cl(la) 2.557(1) 
C(l)-0(1) 1.233(5) C(l)-0(2) 1.235(9) 
Cl(l)"Cd(l)~Cl � 95.6(1) Cl(l)"Cd(lHXlw) 169.3(1) 
Cl(2>-Cd(l)-0(lw) 93.8(1) 0(1)-Cd(l)-Cl(l) 97.7(1) 
Cl(2H:d(l>-0(l) 96.8(1) 0(lw)-Cd(l)-0(l) 86.2(1) 
0(lw>-Cd(l)-0(2) 88.5(1) Cl(l)-Cd(l)-0(2) 85.8(1) 
CK2H:d(lHX2) 150.8(1) 0(l)-Cd(lH)(2) 54.3(1) 
Cl(l)-Cd(l>-Cl(lfl) 85.6(1) Cl(2>-Cd(l)-Cl(l^i) 107.9(1) 
Cl(lfl)-Cd(lH)(lw) 86.7(1) Cl(lflH:d(lHXl) 154.7(1) 
Cl(lfl>-Cd(l>-0(2) 101.3(1) Cd(lfl)-Cl(l)-Cd(l) 94.4(1) 
Cd(l)-0(1>-C(l) 87.6(5) Cd(lfl)-0(2)-C(l) 93.9(6) 
0(l>-C(l>-0(2) 123.9(3) 
As illustrated in Fig. 2.4.2, complex 15 exists primarily as a discrete dimer. Two Cd(n) 
atoms related by an inversion center are bridged by a pair of chloro ligands [Cd-Cl = 
2.659(1) and 2.557(1) A, CI—Cd-Cl = 95.6(1)°!，the non-bonded metal-metal separation 
being 3.828(1) A. Each Cd(II) atom is in a distorted octahedral coordination involving two 
bridging chloro ligands, one water oxygen atom [2.346(3) A], one terminal chloro ligand 
[2.480(1) A] and two oxygen atoms from a chelating carboxylato group of BET. The bond 
distances between the Cd(ll) atom and the two carboxylato oxygen atoms are significantly 
different [Cd(l)-0(1) = 2.480(2) and Cd(l)-0(2) = 2.332(3) A], correlating well with the 
difference between the two C - 0 bond lengths [C(l)-0(1) 二 1.233(5) and C(l)-0(2)= 
1.259(4) A]. The O-C-O bond angle of 123.9(l)�in complex 15 is much smaller than that 
in complex 14 [128.4(8)°] as a consequence of the chelate coordination mode of the 
carboxylato group in complex 15. On the other hand, the O-C-O angle in complex 15 is 
still larger than those of unsymmetric chelating carboxylato groups as found in [{Cd(Me-
0)2)2(1120)2} J (mean 120.4°)" and [CcKPhOCHzCCyzCHp)^ ] [121.1(5)V“ This larger 
O-C-O bond angle may also be attributed to the effect of the positively-charged nitrogen 
atom in the BET ligand. 
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0 Odwa) 
\ f Cl(2a) C(3) 
ci(2) C) \ on^) 
Fig. 2 .4 .2 . Perspective view showing the molecular structure of 15 and the atom-numbering scheme. 
Fig. 2 .4 .3 . Stereoview of the crystal structure of [Cd2(BET)2(H20)2Cl2Gi-Cl)2] 
(15). The origin of the cell lies at the upper left comer, with a pointing left to right, 
b towards the reader, and c downwards. 
A stereoview of the crystal structure of complex 15 is shown in Fig. 2.4.3. The 
dimeric structures are linked through hydrogen bonds between the aqua ligands and the 
terminal chloro ligands [CI…O = 3.133(3) A] into two-dimensional networks. The mean 
planes of these networks are parallel to one another and correspond approximately to the 
(100) set of planes. 
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III. Structure of [{Cd^BETX^i-Cl)!} J (16) 
Crystal data: CgHnNCdOxClx, FW = 342.55, monoclinic, space group C2丨c (No. 15), 
a= 18.097(4), b = 9.714(2), c = 13.845(1) A,p = 92.46(l)°y = 2431.1(2)入〜Z = 8, A„ 
=1.862 g cm-3, 1.871 g cms, ji = 22.1 c m � 
Table 2.4.3. Selected bond lengths and angles for complex 16 
Symmetric codes: d) -Xy -y, 1-z; b) -JC, y, 0.5-z. 
Cd(l)-Cl(l) 2.727(1) Cd(l)-Cl(2) 2.621(1) 
Cd(l)-0(1) 2.407(2) Cd(lHX2) 2.435(2) 
Cd(l)-Cl(lfl) 2.529(1) Cd(l)-Cl(2^) 2.558(1) 
C(1)"0 � 1.245(1) C(l)-0(2) 1.245(3) 
Cl(l)-Cd(l)-Cl(2) 177.4(1) Cl(l)-Cd(l)-0(1) 81.3(1) 
Cl(2)-Cd(l)-0(1) 96.3(1) 0(2H:d(l)-Cl(l) 85.7(1) 
Cl(2)-Cd(l)-0(2) 93.7(1) 0(l)-Cd(l)-0(2) 54.1(1) 
Cl(l)-Cd(l)-Cl(lfl) 86.8(1) Cl(2)-Cd(l)^l(lfl) 95.7(1) 
Cl(lH:d(l)-0(lfl) 147.2(1) Cl(lfl>-€d(l)-0(2) 94.7(1) 
Cl(l)-Cd(l)-Cl(2^z) 92.8(1) Cl(2)-Cd(l)-Cl(26) 86.6(1) 
Cl(26)-Cd(l)-0(1) 100.2(1) Cl(26)-Cd(l)-0(2) 154.3(3) 
Cl(lfl[)-Cd(l)-Cl(2Z?) 110.9(1) Cd(lfl)-Cl(l>-Cd(l) 93.2(1) 
Cd(lb)-Cl{2)-Cd(2b) 92.3(1) Cd(l)-0(1)-C(l) 90.4(2) 
Cd(la)-0(2)-C(l) 89.2(2) 0(l)-C(l)-0(2) 124.4(2) 
As illustrated in Fig. 2.4.4, the metal atom in complex 16 is in an elongated octahedral 
environment, being coordinated by two fran^-related chloro ligands [Cd(l)-Cl(l)= 
2.727(1) A, Cd(l)-Cl(2) = 2.621(1) A] and two cw-related chloro ligands [Cd(l)-Cl(la)= 
2.529(1), Cd(l)-Cl(lZ?) = 2.558(1) A], as well as a chelating EtsBET ligand [Cd-0 = 
2.407(2) and 2.435(1) A]. The most distorted bond angle of the octahedron is 
0(l)-Cd-0(2) at 54.1(1)0. Neighboring Cd(n) atoms are linked by two pair of bridging 
chloro ligands [Cd-Cl-Cd = 92.3(1) and 93.2(1)°! to build up a one-dimensional polymer 
running parallel to the c-axis. The closest Cd…Cd contact at 3.735(1)入 is much larger than 
that (2.98 A) in the metal. The structure of complex 16 is different from those of the 
polymeric cadmium(n) complexes of analogous ligands, [{Cd(4-HO-pro)Cl2} J"^ and 
[{Cd(pro)Cl2}„],i" as well as complex 14，which are all one-dimensional polymeric 
species with each pair of Cd(ll) atoms bridged by two chloro ligands and a syn-syn bridging 
carboxylato group. 
It is noteworthy that the carboxylato group of Et^BET ligand in complex 16 partakes in 
an uncommon symmetric chelating mode with two equivalent C-O bonds at 1 . 2 4 5 � A and 
a small difference in the Cd-0 bond lengths [A(Cd-0) = 0.028 A], in contrast to the 
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unsymmetric chelating mode [C-0 = 1.233(5) and 1.259(4), A(CdrO) = 0.146 A] as found 
in complex 15. The O-C-0 bond angle [124.4(2)°| in complex 16, being similar to that 
[123.8(3)°| in complex 15，is markedly smaller than that [126.2(4)°| of the syn-syn 
bridging EtjBET ligand in [A&(Et3BET)2(N03)J (yide infra). This smaller O-C-O angle 
arises as a consequence of the chelating coordination mode of the carboxylato group/ 
Nevertheless, the O-C-O angle of complex 16 is still remarkably larger than than those of 
the chelating acetates found in [Ru(MeC02)2H(PPh3)] [115(1)°|" [{Cd(MeC02)2(H20)2} J 
(mean 120.4°)" and [Cd(Ph0CH2C02)2(H20)J [121.1(5)°!.…This may be reasonably 
attributed to the inductive effect of the positively-charged nitrogen atom in the betaine 
ligands, and likely accounts for the fact that the bidentate chelating mode rarely occurs in the 
betaine complexes unless the metal ion has an appropriate covalent radius. 
# Cdda) 
ci(i�) ^ \ 
I 9 CI� QC(6) 
Wcddb) , C(8) C 
Fig. 2 .4 .4 . Perspective view showing the coordination geometry about the CdQJ) atom in 16 and the atom-numbering scheme. Symmetry codes are 
given in Table 2.4.3. 
IV. Structure of [Cc^CpyBET^Cl^] (17) 
Crystal data: CzsHigNiCdsOsCle，FW = 1098.0’ triclinic, space group PI (No. 2), a = 
8.3228(7)，b = 10.290(2)，c = 12.199(2) A, a = 66.44(1), p = 77.65(1), y = 71.59(l)°y 
=904.0(3)入3, Z = = 2.022 gcm-3, D, = 2.018 gcm-3, ^ = 22.2 c m � 
As illustrated in Fig. 2.4.5, complex 17 is a centrosymmetric trinuclear molecule 
containing Cd(ll) atoms in two kinds of chemically different environments. The Cd(l) atom 
occupies an inversion center about which the ligand atoms arranged in the form of an 
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elongated octahedron, whereas the Cd(2) atom is in distorted tetrahedral coordination and 
doubly bridged to Cd(l) atom by the carboxylato groups of two pyBET ligands in an un-
usual syn-skQw mode (see Fig. 2.23(d)), which is similar to that in [{Mn(pyBET)2(H20 
•01)2} J (5) (yide infra), and different from the syn-syn or syn-anti mode commonly found 
in metal carboxylates. In complex 17 the pyBET ligands coordinate the Cd(l) atom in an 
out-of-plane skew fashion [C(K1)"0(11)-C(11)-C(12) = 64.9(3)，Cd(l)-0(21)-C(21)-
C(22) = -101.4(2)°! to form Cd-0 bonds of lengths 2.381(2) and 2.360(2) A, which are 
slightly longer than those [2.329(6) and 2.291(2) A] found for a BET bridge of syn-syn 
form in 14. Conversely, the Cd(l)-Cl bond length of 2.497(1) k is slightly shorter than 
the average Cd-Cl distance of 2.536 k for six-coordination/" and the most distorted bond 
angle in Cd�O4CI2 octahedron is 0 ( l l ) " C d � - 0 ( 2 1 ) at 85.5(1)�. In the Cd(2)02Cl2 
tetrahedron, both carboxylato oxygen atoms belong to pyBET ligands acting in the common 
syn mode [Cd(2)-0(12)-C(ll)-C(12) = -172.7(2) and Cd(2)-0(22)-C(21)-C(22)= 
-170.2(2)°|. The Cd-Cl bond lengths [2.425(1) and 2.455(1) A] bracket the average value 
of 2.448 A for four coordination, and the same also holds for the Cd(2)-0 bonds [2.189(2) 
and 2.306(2) A] with reference to the average value of 2.266 入 for cadmium(II) carboxy-
lates*/" the bond angles at Cd(2) vary between 100.2(1) and 127.5(1)�. 
Table 2.4.4. Selected bond lengths and angles for complex 17 
Symmetric code: d) -x’ -y�-z. 
Cd(l^Cl(l) 2.497(1) Cd(lHXll) 2.381(2) 
Cd(l>-0(21) 2.360(2) Cd(2)-Cl(2) 2.425(1) 
Cd(2>-Cl(3) 2.455(1) Cd(2)-0(12) 2.306(2) 
Cd(2HX22) 2.189(2) C(ll)-0(11) 1 . 2 5 5 � 
C(11)^(12) 1.257(3) C(21>-0(21) 1.258(4) 
C(21)-0(22) 1.252(3) 
Cl(l)-Cd(l)-0(11) 91.2(1) Cl(l)-Cd(l)-0(21) 90.6(1) 
0(11)-Cd(l)-0(21) 85.5 � Cl(2H:d(2K:i(3) 106.4(1) 
Cl(2)-€d(2)-0(12) 115.5(1) Cl(3)-Cd(2)-0(12) 101.1(1) 
Cl(2)-€d(2)-0(22) 127.5(1) Cl(3>-Cd(2H)(22) 100.2(1) 
0(12)-Cd(2)-0(22) 102.4(1) Cd(lHXllH:(ll) 121.7(2) 
Cd(2)-0(12)-C(ll) 104.0(1) Cd(2)-0(21K:(21) 119.5(2) 




0(12) \ c S s T F ^ 
C(131 \ 0(21a)KZ^ 0(22a) Cl(3a) 
Fig. 2 .4 .5 . Perspective view showing the molecular structure of 17 and the atom-numbering scheme. 
2.4.2. Discussion on the Cadmium(ll) Complexes 
Both symmetric and unsymmetric bidentate chelating modes of the carboxylato group of 
betaine ligands are observed in complexes 15 and 16, respectively. This fact may be 
rationalized on the basis that the larger ionic radius of cadmium(n) results in weaker and 
longer metal-carboxylate bonds ,and that the M-O bonds involved in chelating coordin-
ation have longer lengths in comparison to those involving bridging coordination. These 
factors allow sufficient relief in the steric strain imposed by the larger O-C-O bond angle of 
the betaine ligands as compared to that of the acetate group. The weaker metal-carboxylate 
bonding may also be responsible for two virtually identical C-O bonds of the syn-skQw 
carboxylato groups of the pyBET ligand [1.255(3) and 1.257(3); 1.258(3) and 1.252(3) A] 
in complex 17, as compared to the small but significantly longer C-O bond involving skew 
coordination in the manganese(II) complexes (cf. section 2.2). 
To our knowledge, only two examples of dimeric structures of cadmium(ll) carboxy-
lates, namely [Cd2(MeC02)4{ SCCNHi)^^"' and [Gd2(F3CX:02)4(PPh3)2]，n» have been 
reported so far, which are all structurally different from complex 15. In the acetate 
complex, two octahedral Cd(n) atoms are bridged by two carboxylato groups and two sulfur 
atoms; while the trifluoroacetate complex adopts a tetrakis(carboxylato-0,0' )-bridged 
structure (c/. Fig. 1.2(a)). Thus complex 15 establishes a new structural variety among 
cadmium(n) carboxylates. 
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Trinuclear carboxylate complexes have been investigated, especially the oxo-centered 
trinuclear carboxylates of stoichiometry [M3(0)(RC02)6L3] and the related complexes. 
However, structural data for a linear array arrangement in trinuclear complexes are signi-
ficantly less available. The first example has been found in a cobalt(n) carboxylate, namely 
[Co3(PhC02)6(quin)2]，…in which the six-coordinated central metal atom is triply bridged 
by syn-syn carboxylato groups to the terminal metal atoms. Analogous complexes have 
been reported in the heteronuclear complexes [Zn2Ba(Me3CC02)6(quin)2]"s and [Z^MCMe-
CH=CHC02)6(quin)2] (M = Ca, Sr),"^* where the central metal atoms are Ba(Il), Ca(ll), or 
Sr(II). Another kind of linear trinuclear complexes has also been found in some homo- and 
• heteronuclear complexes, in which the six-coordinated cehtral metal atom is triply bridged 
to the terminal atoms by two carboxylato-M.-0,0' groups and a carboxylato-|Li-0,(9' - r \ - 0 , 0 
or a carboxylato-'n-(9,(9 group. Known examples of this unusual type of trinuclear 
complexes are several mixed-metal complexes with the general formula [ZnxMCMe-
CH=CHC02)6(base)2] (M = Zn, Mn, Co, Ni, Cd; base = quinoline or 6-Me-quinoline),"® 
and two homotrinuclear complexes of biochemical interest, viz. [Mn3(MeC02)6(biphm)2] 
[biphm = methoxybis(l-methylimidazol-2-yl)phenylmethane]^® and [Mn3(MeC02)6(bpy)2] 
(bpy = 1,1-bipyridine)." The main difference between complex 17 and all the other 
trinuclear complexes is that the six-coordinated central metal atom in complex 17 is doubly 
bridged by unusual syn-sktw carboxylato-n-0,0' groups to the terminal metal atoms, 
whereas the central metal atom in the other trinuclear complexes are all triply bridged to the 
terminal metal atoms. Thus complex 17 constitutes not only a new structural variety among 
cadmium(n) carboxylates but also a new kind of trinuclear complex among metal carboxy-
lates. 
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2.4.3. Mercury(II) Complexes 
MercuryCn) halides and carboxylates, especially acetate and trifluoroacetate, are very 
useful in the preparation of organic compounds via mercuration."^ For example, they can 
be used as catalysts in the synthesis of aldehydes and ketones"' and of stereospecific enol 
derivatives from alkynes/" The crystal structures of only a few mercuryCH) carboxylates 
and related complexes are known. The carboxylate group commonly acts in the unidentate 
mode as in [PhHgCMeCO^)],"® [C{Hg(F3CC02)}4]尸[qHgCMeCO^MJ.lHp*，！ and 
[{Me3CC(0)}2CHHg(MeC02)],"' while the bidentate chelate mode is found in [HgCPPhg)-
(MeCOj)^," [Hg(MeS)(MeC02)(7-pic)] and [HgCEtSXMeCOjKy-pic)] (pic = picoline), 
MercuryCn) acetate has a one-dimensional polymeric structure with the metal atom forming 
two linear strong Hg-0 bonds (2.07 A) and three weak secondary Hg…O bonds (2,70 A) 
in a square-pyramidal arrangement,*" while [HgCZ-Cl-CeH-OCHaCOz)�also has a one-
dimensional polymeric structure with the metal atom coordinated trigonally by a unidentate 
and a syn-anti bridging carboxylato groups."® In the unusual charge-transfer dimeric 
complex, [Hg2(F3CC02)4(C5H5)2], the carboxylato group functions in the syn-syn bridging 
mode/" On the other hand, a large number of mercury(II) halide adducts with different 
neutral molecules have been structurally characterized, especially tertiary phosphine adducts 
formulated as HgXjCPRa)^  (n = 1 or 2; X = CI, Br, or I). The Hg(n) atoms are commonly 
in distorted tetrahedral coordination, and the adducts are dimeric or polymeric with halide 
bridges for n = 1 a n d monomeric for n = 
L Structure of [{H&(BET)2Cl4.HgCl2} J (18) 
Crystal data: CioHazN^ Hg^ OACls，FW = 1320.30, triclinic, space group PI (No. 2), a = 
7.302(2), b = 9.364(3), c = 10.559(2) A, a = 103.48(2)，p = 104.45(2), y = 97.63(2)° V 
=665.7(8)入3，z = 1 ,1 )�= 3.293 g cm-3, p. = 238 c m � 
Complex 18 primarily consists of centrosymmetric bis(carboxylato-M.-1,1 -0)-bridged 
Hg2(BET)2Cl4 dimeric units (Fig. 2.4.6) and virtually linear HgCl^ units [Hg—CI = 
2.276(5), 2.312(4) A; Cl-Hg-Cl = 174.0(2)°|. In the dimeric structure unit, a pair of the 
Hg(l) atoms, being separated at a non-bonded distance of 4.129(3) A, are bridged by two 
|i-l,l carboxylato oxygen atoms [Hg-0 = 2.45(2), 2.62(2) A], each metal atom is 
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coordinated by two terminal chloro ligands [Hg-Cl = 2.347(5), 2 . 3 4 8 � A] in a slightly 
distorted tetrahedral geometry with bond angles ranging from 0(l)-Hg(l)-0( la) at 
70.8(8)° to Cl(l)-Hg(l)-Cl(2) at 157.9(2)° This significant distortion may be attributed to 
the fact that the chlorine atom is a stronger a-donor than a carboxylato oxygen atom (hence 
leading to greater repulsion between the chloro ligand bond pairs at the metal center) than a 
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carboxylato oxygen atom, so that the two chloro ligands in complex 18 favor stronger 
bonding with Hg(n) atom and linear coordination, which have been observed in the case of 
mercury® halide adducts of phosphines."* "® The second oxygen atom, i.e. 0(2), in the 
same carboxylato group is 2.96(2) A from the Hg(l) atom, showing clearly that the 
carboxylato group does not behave as a bidentate ligand. 
Table 2.4.5. Selected bond lengths and angles for complex 18 
Symmetric codes: a) l-x, -y, 1-z; b) 2-x, -y, 1-z. 
Hg(2)-Cl(3) 2.276(5) Hg(2)-Cl(4) 2.312(4) 
Hg(l)-Cl(l) 2.346(5) Hg(l)-€1(2) 2 . 3 4 8 � 
Hg(l)-0(1) 2.62(2) Hg(l)-0(lfl) 2.45(2) 
Hg(2)...a(l) 3 . 0 8 3 � Hg(2)...0(2 的 2.78(2) 
Hg(2)…Cl(2c) 3.199(6) Hg(2)...Cl(4 办 3.177(6) C(ll)-0(12) 1.22(3) C(21H)(21) 1.20(4) 
Cl(3>-Hg(2)-Cl(4) 174.0(2) Cl(l)-Hg(l)-Cl(2) 157.9(2) 
Cl(l>-Hg(lHXl) 95.0(4) Cl(2)-Hg(l>-0(1) 95.8(4) 
Cl(l)-Hg(l)-0(lfl) 99.1(4) a(2) -Hg(lHXlfl) 102.6(4) 
O(l)-Hg(l)-O(lfl) 70.8(8) Hg(lHXlKXl) 142(1) 
C(l)-0(1)-Hg(lfl) 104(1) 0(1>-C(1)-0(2) 122(1) 
C(3) Q 
：辑::t 
\ 0f2a) CKV © CI(2c) 
1 • 
Fig. 2 .4 .6 . Perspective view showing the coordination environment of the Hg(II) atoms in 18 and atom-numbering scheme. The secondary bonds are represented 
by dotted lines. Symmetry codes given in Table 2.4.5. 
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In the HgClzunit, considering the strong covalent Hg-Cl bonds [2.276(5) and 2.312(4) 
A] as axial, the metal atom forms four secondary bonds in the equatorial plane with three 
chlorine atoms [Hg…CI = 3.083(2) and 3.199(3) A] and the 0(2) atom [Hg…O = 2.780(3) 
A] of the carboxylato group from adjacent dimers. Thus the coordination geometry about 
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the Hg(2) atom may be described as a compressed octahedron in which the most distorted 
angles are Cl(3) — Hg(2)-Cl(4) at 174.0(2)�and Cl(3)-Hg(2)."Cl(l) at 94.9(4)�. The 
secondary bonding links the dimeiic and the HgCl! units into a two-dimensional polymeric 
network concentrated about the plane z = 1/2, as illustrated in Fig. 2.4.7. 
Fig. 2 .4 .7. Molecular packing in [{Hg,(BET)2Cl,.2HgCl,}J 
(18) viewed parallel the a-axis. \ The secondary bonds are represented by dotted lines. 
_ 
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n. Structure of [{Hg2(pyBET)2Cl4.HgCl2} J (19) 
Crystal data: Ci4Hi4N2Hg304Cl6, FW = 1088.77, triclinic, space group PI (No. 2), a = 
7.247(5), b = 9.093(3)，c = 9.626(5) A, a = 107.93(4), p = 99.41(5), 7 = 9 2 . 9 7 � � , V = 
591.8(4) A', Z = 1,D, = 3.054 gcm-3, ^ = 2OI c m � 
As illustrated in Fig. 2.4.6, complex 19 is also composed primarily of centrosymmetric 
Hg2(pyBET)2Cl4 dimers (Fig. 2.4.7) and linear HgClx units. In the dimeric unit, a pair of 
metal atoms are bridged by two \i-l,l-0 oxygen atoms of the carboxylato groups [Hg-O = 
2.59(1) and 2.66(1) A] of pyBET at an intra-dimer non-bonded metal-metal separation of 
4.106(2) A, while the other carboxylato oxygen atoms 0(2) [Hg-0(2) 2.60(1) A] also 
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participates in coordination to Hg(l). The coordination sphere about each metal atom in the 
dimer is completed by two chloro ligands [2.311(7) and 2.318(5) A] in a highly irregular 
penta-coordinate arrangement. The most distorted angles, as in the case of complex 19, are 
Cl(l)-Hg(l)-Cl(2) = 156.2(2)�and 0(l)-Hg(l)-0(2) = 49.9(4)。，which can also be 
ascribed to the stronger c-donor ability of the chloro ligand than the carboxy oxygen atom. 
Table 2.4.6. Selected bond lengths and angles for complex 19 
Symmetric codes: a) -x, -y, 1-z; b) 1-Jc, 1-y, 1-z; c) l+x, y, z; d) -x, 1-y, 1-z. 
Hg(2>-Cl(3) 2.295(5) Hg(l)-Cl(l) 2.318 � 
Hg(l>-Cl(2) 2.311(7) Hg(lHXl) 2.59(1) 
Hg(2>-0(2) 2.60(1) Hg(lH)(lfl) 2.66(1) 
Hg(2)…0(2) 2.74(1) Hg(2)...Cl(2c) 3.141(7) 
C(LL)-0(12) 1.19(2) C(21)-0(21) 1.25(2) 
Cl(l>-Hg(2)-Cl(2) 156.2(2) Cl(l)-Hg(l)-0(1) 113.8(3) 
Cl(2HIg(lHXl) 90.1(3) Cl(l)-Hg(l)-0(2) 92.1(3) 
Cl(2)-Hg(l)-0(2) 104.8(3) Cl(l)-Hg(lH)(la) 90.0(3) 
Cl(2>~Hg(lHX2) 94.7(3) 0(2)-Hg(l>-0(l) 49.9(4) 
Cl(l>-Hg(l>-0(lfl) 77.1(5) 0(2>-Hg(lH)(la) 122.4(4) 
Hg(l)-0(1H:(1) 92(1) C(l>-0(1>-Hg(lfl) 152(1) 
Hg(l>-0(2>-C(l) 90(1) 0(l>-C(l)-0(2) 127(2) 
Cl(2d) @ 0(2b) © / 
CO ../T^CIOb) 
N 介 ⑷ 
C 丨(2。） CIS 丨 
Fig. 2.4.8. Perspective view showing the coordination environment of the Hg(n) 
atoms in 19 and atom numbering scheme. The secondary bonds are represented by dotted 
lines, and symmetry codes given in Table 2.4.6. 
Since the Hg(2) atom is located at an inversion center, the HgCl；^  unit is exactly linear 
with Hg-Cl = 2.295(5)入.As in the case of complex 18，the HgCl: unit in complex 20 
forms four secondary bonds in the equatorial plane with two chlorine atoms [Hg—Cl(2c)= 
3.141(7) A] and two oxygen atoms [Hg(2)…0(2) = 2.74(1) A] from adjacent dimeric units, 
resulting in a compressed octahedron. These secondary bonds connect the structural units 
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into a two-dimensional network concentrated about the plane z = 1/2，as shown in Fig. 
2.4.9. 
Fig. 2 .4 .9 . Molecular packing 
in [{H&(pyBET)2Cl2旧gCl山] ^ ^ J p 
(19) viewed parallel the o-axis. Jf IV-The secondary bonds are ^ k y / Z represented by dotted lines. o 署 
III. Structure of [Hg2(ppBET)2(^i-Cl)2Cl2] (20) 
Crystal data: CisHisNzHgP^ Cl*，FW = 845.34, monoclinic, space group P2^/c (No. 
14), a= 10.390(3)，b = 8.043(2)，c = 13.893(2) A,p= 108.15(2)�, V = 1 1 0 3 . 0 � M Z = 
2, D^  = 2.545 gcm-3, ^ 二 144 cm-i. 
Table 2.4.7. Selected bond lengths and angles for complex 20 
Symmetric code: a) -JC，-y^  -z. 
Hg(l)-a(l) 2.578(4) Hg(l)-Cl(2) 2 . 3 5 8 � Hg(2)-0(2) 2.191(9) Hg(lHX2) 2.679(9) Hg(l>-Cl(lfl) 2.743(3) C(lHXl) 1.23(1) C(1H)(2) .1.24(1) a(l)-Hg(2)-Cl(2) 114.6(1) Cl(l)-Hg(l)-0(2) 122.1(3) 
Cl(l)-Hg(lH)(l) 97.3 � Cl(lfl)~Hg(lH)(2) 131.6 � Cl(2)-Hg(lH:i(la) 101.4(3) Cl(la)-Hg(l>-0(1) 93.0(3) a(l)-Hg(l)-Cl(lfl) 90.3(3) Cl(2)-Hg(l)-0(1) 144.6(3) Cl(2)-Hg(l)-0(2) 96.3 � 0(2HIg(lHXl) 51.4 � Hg(l)-0(1H:(1) 104.9(9) Hg(l)-0(2>-C(l) 81.3(9) (Xl)-C(l)-0(2) 122(1) 
Unlike both complexes 18 and 19，complex 20 comprises only discrete centrosym-
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metric [Hg2(ppBET)2(kCl)2Cy dimers (Fig. 2.4.9) in which a pair of metal atoms, 
separated at a non-bonded distance of 3.754(3) A, are linked by unsymmetric chloro 
bridges [Hg-Cl = 2.578(4) and 2.743(3) A]. The coordination sphere about each metal 
atom is completed by an unsymmetric bidentate carboxylato group [Hg-O = 2.191(9) and 
2.679(9)人]of ppBET ligand and a terminal chloro ligand [Hg-Cl = 2.345(1) A] in a very 
distorted square pyramidal geometry; regarding the Cl(l)-Hg(l) bond as axial, the most 
distorted angles are Cl(ldz)-Hg(l)-0(2) = 131.6(3)° and 0(l)-Hg(l)-0(2) at 51.6(5)° The 
terminal Hg-Cl bond length is markedly shorter than those of the bridging Hg-Cl bonds. 
The Hg(l)—0(1) bond [2.191(9) A] is significantly shorter by more than 0.35 入 than all the 
other Hg-0 bonds in complexes 18，19, and 20，although it is still longer than that 
[2.05(1) A] found in [C{Hg(MeC02)} J• 2H2O,"' where the acetate group acts in the 
unidentate fashion. The geometry of the bridging chloro ligand in complex 20 is com-
parable to those found in a number of mercury(U) chloride adducts with phosphines."''"^ 
0 ( 2 。 ） \ 
© Cl(2a) 
Fig. 2.4.10. Perspective view showing the coordination environment of the Hg(II) atoms in 20 and atom-numbering scheme. The secondary bonds are represented by dotted 
lines. Symmetry codc: d) -x, -y, -z. 
2.4.4. Discussion on the Mercury(II) Complexes 
The present study has shown that betaine ligands can exhibit different coordination 
modes in their mercury(II) complexes, which are uncommon in the metal carboxylates and 
betaine complexes of other metals. Repeated attempts show that the same product can be 
obtained by using different molar ratios of starting materials, which implies that the 
stoichiometry of a particular mercury(II) chloride-betaine adduct depends mainly on the 
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ligand characteristics. The dominant factors affecting the stoichiometry might be the size of 
the betaine ligand, which may dictate the extent of the secondary bonding between the 
ligands of the dimeric unit and the metal atom of the co-existing HgCli species. This 
conclusion follows the fact that with one more methylene group as a spacer between the 
pyridine ring and the carboxylate group ofppBET as compared to pyBET, the pyridine ring 
in ppBET may be further out-stretched, thus facilitating an optimal arrangement of ligands 
about each metal center that effectively precludes association to any HgCl: species by 
secondary bonding, thus complex 20 is distinct from both complexes 18 and 19 not only 
for the different coordination mode of the carboxylato group, but also the absence of HgCl: 
species in the crystal. 
As mentioned previously, the i^-l，l-(9 bridge is quite common in metal alkoxide 
chemistry" and in contrast, this one-atom bridge is seldom the only link between the metal 
atoms in metal carboxylate chemistry. One example of carboxylato-^i-1,1-0 bridge is the 
dimeric [Hg(MeC02)2(Cy3P)2], in which one of the acetate group acts in the ii-1,1-0 
mode and the other in the unidentate mode. Frequently the other carboxy oxygen is also 
bound to another metal atom, resulting in the carboxylato-M.-0,6)' -^i-1,1 -O tridentate mode/ 
which is commonly occurs in silver® complexes of carboxylates and betaines (vide infra). 
Thus the bridging mode found in complex 18 is uncommon. 
It is noteworthy that the carboxylato groups in 19 serves in the uncommon carboxylato 
'^-0,0' chelating plus m.-1,1-0 bridging mode, which is relatively rare among metal 
I 
carboxylates尸 and has not yet found among metal complexes of betaines. Hitherto the 
only known examples exist in [{QKMeCOzMH^COzU" [{NaaJO^XMeCOz)^�, [{UO2-
(NO3)} 2(531)2]- (dmap)2 (sal = salicylicacidato, dmap = 4-A^N-dimethylaminopyridine), 
and two mcxielling complexes of the active sites of metalloproteins."'^ ® Presumably this 
unusual ligation mode is favored when the carboxylate group coordinates to metal ions of 
large radii, as is the case for the bidentate chelating mode. 
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2.5. Silver(I) Complexes 
The poor solubility and light sensitive nature of silver® carboxylates contrive to make 
their structural characterization difficult, thus accounting for the paucity of information on 
the crystal structures of silverQ carboxylates.…The reported structures of silver® 
carboxylates show several different coordination modes, and most of them are constructed 
from either dimeric units or polymeric networks of dimeric subunits. These crystal 
structures have been classified into four types dependent on the coordination motif (see Fig. 
2.5.1(a)-(d)):"^ type A consists of discrete Ag2(carboxylato-(9，(9,)2 dimers without any axial 
ligand; type B and C have similar dimeric structures with the axial site(s) occupied by one 
and two ligands, respectively, and they are commonly polymeric species; typeD comprises 
dimeric subunits that are extended into a step polymer through the linkage of each metal 
center to a carboxylato oxygen atom of an adjacent dimer. A number of known examples 
are listed in Table 2.5.1. Hitherto only one example remains as an exception to this classi-
fication system, namely a one-dimensional polymeric arrangement of linear O-Ag-0 bonds 
in [ {Ag(4-Cl-2-Me-C6H40CH2C02)} „] with the bridging carboxylato group serving in a 
syn-anti mode. This exception can be classified as a member of a new fifth type, type E. « 
I 丄 丄 上 
o 入 o o 入 o O 入 o p 9 I 
A / ；AG L - A / ；Ag-L V \ A , L O -气， A G O 人 
\ ‘ V I Lz \ I ‘L O丫0-Ag, Ag-0 
O v ^ O O ^ ^ O O ^ ^ o T � / 
丫 丫 T I O丫o 
a)TypeA b)TypeB c)TypeC d) TypeD I 
o o 入 O L I I . ^O 丄 I 
a / K - � 上 。 T p 人。力 / 。 L ？人 O 
K J 人 f X 大 。 
I L o 丫 O O o L o o , \ / \ 
e) Modified TypeD f)TypeEi g) Type E2 h) Type E3 Fig. 2 .5 .1. Principal types of silver(l) carboxylates and related betaine complexes. Structures (dHh) are polymeric. 
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As have been shown in the mercury(ll) complexes, betaine compounds do not readily 
precipitate heavy metal ions, thus providing an attractive synthetic route to the preparation 
of this type of silver® carboxylate complexes. In this section, the structures of some new 
silver® complexes of betaines will be described. 
Table 2.5.1. Some known silver® carboxylates having different types of 
dimeric structures. 
Type Examples Ag …Ag Refs. separation (A) 
A [Ag2(2-H0-C6H4C02)2] 2.861(1) 144 
[AG2(2,6-(H0)2-C6H3C02)2L 2.810(1) 144 
[AG2(PHC02)2] 2.92(1) 145 
[Ag2(A>-H0-C6H4C02)2]-H20 2.90(1) 145 
[Ag2(F3CF2CF2CC02)2] 2.90(2) 146 
[Ag2(F5C60CH2C02)J 2.911(2) 147 
B [Ag2(0-NH2C0-C6H40CH2C02)2] 2.861(1) 142 
C [Ag2(NH3CH2CH2C02)2(N03)2] 2.855(4) 148 
[Ag2(hptc)2(H20)2]t 2.778(5), 2.834(1) 149 
[AG2(ET3BET)2(N03)2L 2 . 9 2 4 � * 
D [Ag2(F3CC02)J 2.967(3) 150 
[Ag2(NH3CH2C02)2]„(N03)2„ 2.877(6) 151 
[{Ag2(Et3BED2}J(C104)2 2.856(2) * 
[{Ag2(ppBET)2)J(C104)2 2.854(1) * 
modified D [{Ag2(PhC02)2(py)2)J 2.956(2)，2.902(2) 152 
[(Ag2(pe02(H2O)2)Ji： 2.901(1) 153 
[{Ag2(BET)2(H20.N03)2)J 2.898(1) * 
[{Ag2(pyBET)2(C104)2}J 2.814(2) * 
[{Ag2(prBET)2(H20))J(C104)2-nH20 2.842(1) * 
[{Ag2(prBET)2(N03)2)J 2.800(2) * 
[(Ag2(ppBET)2(N03)2}J 2.901(1) * 
t hptc : 3-hydroxy"4-pheiiyK2;2,3»trimethylcyclohexanecarboxylate, t pef = pefloxacin. 
* this work 
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L Structure of [{Ag2(BET)2(H20.N03)2U (21) 
Crystal data: CioH26N4Ag20i2, FW = 610.09, monoclinic, space group Pl^lc (No. 
14), a= 5.6589(3), b = 15.813(2), c = 1 1 . 5 4 9 � A, p = 98.10(1)�’ V = 1023.1(2) k\ Z = 
2，= 1.976 gciir3, D^ = 1.980 gciir3, \l = 19.6 cm-i. 
Table 2.5.2. Selected bond lengths and angles for complex 21 
Symmetric codes: d) -x, -y, l-z; b) -l+x, y, z; c) -l-jc, -y, 1-z; d) -y, 1-z; e) 1+x, y, z;. 
Ag(l)…Ag(lfl) 2.898(1) Ag(lHXlw) 2.554(3) 
Ag(lHXl) 2.241(3) Ag(l)-0(2€) 2.497(3) Ag(lHX2a) 2.334(3) C(l)-0(1) 1.243(5) 
C(l)-0(2) 1.233(5) 
0(lw>-Ag(l)-0(l) 110.6(1) 0(lw)-Ag(l>-0(2e) 85.0(1) 0(l)-Ag(l>-0(2e) 115.8(1) 0(lw)-Ag(l)-0(2a) 85.6(1) 0(2€)-Ag(l)-0(2a) 84.0(1) 0(2a)-Ag(l)-0(l) 154.7(1) . Ag(lK)(l)"C � 121.5(2) Ag(la)-0(2)-Ag(l^) 96.0(1) Ag(l 办 KK2KX1) 130.4(3) Ag(lfl)-0(2)-C(l) 121.9(2) 
0(1>-C(1>-0(2) 127.5(4) Hydrogen bonding 
0(lw)..-0(3e) 2.894(7) 0(lw)…0(4) 2.928(6) 0(3e)…0(lw)…0(4) 102.6(3) 
0 ( 4 ) 0 0(3) // 0(2) i 
0 ( 3 专 ） / / j 0 
Fig. 2 .5 .2 . Perspective view showing the dimeiic unit and the polymeric structure 
in 21 and atom-numbering scheme. Symmetry codes are given in Table 2.5.2. 
Complex 21 is a polymer based on bis(carboxylato-0,0' )-bridged centrosymmetric 
Ag2(BET)2 dimers (Fig. 2.5.2), with a Ag…Ag separation [2.898(1) A] essentially equal to 
that (2.89 A) in metallic silver/" thus indicating a comparable extent of metal-metal inter-
action. The intra-dimer Ag-O distances and O-Ag-O angle are 2.241(3) and 2.334(3) A, 
59 
and 154.7(1)° respectively, which are comparable to those found in the dimeric structure of 
several known silver(I) carboxylates (Table 2.5.1). The present structure is extended into a 
stairs-like polymer running parallel to the a-axis via metal-carboxylate linkages 
[Ag(l)-0(2^) = 2.497(3) A] between adjacent dimers, generating centrosymmetric rhombic 
AgiOi units as found in a type D structure."' Furthermore, each Ag® atom is also 
coordinated by an aqua ligand in an axial site [Ag(l)-0(lw) = 2.554(3) A], making 
complex 21 a modified type D structure similar to that found in [{Ag2(PhC02)2(py)2} J，'" 
in which the axial site is occupied by a pyridine nitrogen atom. The Ag(l)-0(lw) bond is 
markedly longer than that [2.454(4) A] found for axial silver(l)-aqua bond in a bioactive 
silverO) carboxylate, namely [{Ag2(pef)2(H20)2U (pef = pefloxacin)?" Each nitrogen 
group forms two hydrogen bonds with neighboring aqua ligands [0(lw)…0(2e)= 
2.832(7), 0( lw)…�=2.981(6) A, 0(3e) . . .0( lw)…O�=102.6�®|. In contrast, nitrate 
group are commonly directly bound to silverO) atom in AgNO，complexes containing other 
ligands. The dimeric structure in complex 21 is also different from the know silver® 
complexes of analogous ligands zwitterionic amino acids, [{Ag2(ala)2(N03)2}„] (ala = 
alanine广 and [{Ag2(gly)2} „](_2»，1" which have types C and D dimeric structures, 
respectively. 
II. Structure of [{Ag2(pyBET)2(C104)2} J (22) 
Crystal data: = 688.91, monoclinic, space group P2^lc (No. 
14)，a = 5.3657(7), b = 15.133(3), c = 13.041 � A’ P = 99.54(2)�’ V = 1 0 4 4 . 2 � M Z = 
2，A„ = 2.171 gcin-3,D, = 2.181 gcirr^, = 21.8 cm-i. 
The structure of 22 is similar to that of complex 21, being also a modified type D 
stairs-like polymer based on bis(carboxylato-0,0' )-bridged, centrosymmetric dimers (Fig. 
2.5.3); the one-dimensional polymeric chains run parallel to the o-axis in the unit cell. The 
intra-dimer Ag-Ag distance [2.814(2) A] in complex 22, although slightly longer than that 
(2.78 A) found in an unusual dinuclear silverO) carboxylate [Ag2(hptc)2(H20)J (hptc = 3-
hydroxy-4-phenyl-2,2,3-trimethylcyclohexanecarboxylate)"' and that [2.800(2) A] in 
complex 26, is remarkably shorter (by more than 0.09 A) than the average value (2.90 入） 
for known silver® carboxylates (Table 2.5.1) and in metallic silver, thus indicating a 
stronger metal-metal interaction. The intra-dimer Ag-0 distances and O-Ag-0 angle are 
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2.211(6), 2.220(6) A, and 159.5(2)�, respectively; these bond lengths are significantly 
shorter and the angle significantly larger than those of complex 21. The axial Ag-O bond 
distances are 2.464(7) k and 2.415(9) A for silver-adjacent carboxylate and silver-
perchlorate interactions, respectively. Both axial Ag-O bonds are markedly shorter than 
those in complex 21. So far only one example of a carboxylato complex containing an 
axially bound perchlorate ligand has been found in [{Ag2(2-Cl-C6H40CH2C02)2-
,Ag(C104)} J，"' which has the type B structure. Thus the axially bound perchlorate group 
in complex 22 distinguishes it from 21 and the other complex containing perchlorate 
mentioned above and constitutes a new structural variety among silver(l) carboxylates. 
Table 2.5.3. Selected bond lengths and angles for complex 22 Symmetric codes: d) -x, -y, -z; b) -1+x, y, z： c) -1-x, -y, -z; d) 1-jc, -y, -z; e) l+x, y, z;. 
Ag(l)…Ag(lfl) 2.814(2) Ag(l>-0(3) 2.415(9) 
Ag(lHXl) 2.211(6) Ag(lHX2e) 2.466(7) 
Ag(lHX2fl) 2.220(6) C(l)-0(1) 1.22(1) 
C(l)-0(2) 1.26(1) 
0(3)-Ag(l)-0(l) 92.9(3) 0(l)~Ag(lHX2e) 102.0(2) 0(3)-Ag(lHX2e) 93.6(3) 0(3)"Ag(lH)(2fl) 106.8 � 0(2a)-Ag(lHXl) 159.5(2) Ag(lfl)-0(2)-Ag(l^) 96.9(2) Ag(lHX3K:i � 136.6(7) 0(2^)-Ag(l)-0(2fl) 83.1 � Ag(lH)(lHXl) 121.8(5) Ag(lflH)(2)-C(l) 131.2(6) Ag(l/?H)(2)-C(l) 123.4(6) 0(i)-C(l)-0(2) 126.5(8) 
^ ^ Ag(lb) 
0!2c) 
0(31 0 ( 5 ) 
0{2e) Ag(ld) ^ ^ 
Fig. 2.5.3. Perspective view showing the dimeric unit and the polymeric structure 
in 22 邸d atom-numbering scheme. Symmetry codes are given in Table 2.5.3. 
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III. Structure of [{Ag2(Et3BET)2(N03)2} J (23) 
Crystal data: C^^^'^^hg^O^Q, FW = 658.21, monoclinic, space group P2^lc (No. 
14), a = 8.263(2), b = 7.482(2), c = 19.400(7) A,p = 91.33(2)°, V = 1199.1 � M Z = 2’ 
Dm = 1.812 gcm-3, = 1.823 gcm-^, p. = 16.7 c m � 
Table 2.5.4. Selected bond lengths and angles for complex 23 
Symmetric code: a) -x, -y, -z. 
Ag(l).-.Ag(la) 2.929(1) Ag(lHX3) 2.524(3) 
Ag(lHXl) 2.162(3) Ag(lHX4) 2.619(3) 
Ag(lHX2) 2 . 2 0 7 � C(lHXl) 1 . 2 3 9 � 
C(l)-0(2) 1.235(5) 
0(3>-Ag(l>-0(l) 116.8(1) 0(3)-Ag(lH)(2a) 80.7 � 
0(3>-Ag(l)-0(4) 48.8 � 0(3>AG(LHX2FL) 106.8 � 
0(2a)-Ag(l>-0(l) 160.9(1) 0(l)"Ag(lHX4) 118.8(2) 
Ag(l)-0(3>-N(2) 96.3(2) 0(4>-Ag(lH)(2fl) 77.9(2) 
Ag(lH)(l)-C(l) 120.6(3) Ag(lflHX2HXl) 132.1(3) 
0(1H:(1)-0(2) 126.5(8) 
0(5> 物 0(3) ^ ^ . 
Q 1 
C(8 ,O^C(7, cV) 0(3�) 1 
Fig. 2 .5 .4 . Perspective view showing the molecular structure of 23 and atom-
numbering scheme. Symmetry code: a) l-jc, -y, -z. 
As illustrated in Fig. 2.5.4, the crystal structure of complex 23 consists of discrete 
bis(carboxylato-(9,(9')-bridged centrosymmetric Ag2(Et3BET)2 dimers, with,the carboxylato 
group serving in the symmetric syn-syn bridging mode [C-O = 
1.239(5) and 1.235(5) A, 
O-C-O = 126.2(4)°|. The Ag-Ag separation [2.929(1) A] in the dimer is significantly 
larger than that (2.89 A) in metallic silver, thus indicating a weak or negligible metal-metal 
interaction. The intra-dimer Ag-O distances and O-Ag-O angle are 2.162(3), 2.207(3)入 
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and 160.9(1)0’ respectively, which are comparable to those found in the dimeric structures 
of known silver(I) carboxylates. The coordination sphere is completed by an unsymmetric 
chelating nitrato group at each axial site of the dimer, thus complex 23 adopts the type C 
structure. The Ag-0(niirato) bonds [2.524(3) and 2.619(3) A] are significantly longer than 
those [Ag-O(nitrato) = 2.248(3) and 2.41(1) A] of the [AgCNO])�- anions found in the 
double metal salt [Rh(py)4Cy [AgCNOg)」，where the nitrato groups act in the unsymmetric 
chelating mode/" The longer Ag-O bond may be attributed to the fact that the axial Ag-O 
bonds are significantly longer (ca. 2.50 入 in general) than the intra-dimer Ag-O bonds in 
the dimeric structures of silver® carboxylates. 
IV. Structure of [ { A & ^ B E l ^ } J.(C104)2„ (24) 
Crystal data: Ci6H34N2Ag20i2Cl2, FW = 733.09, orthorhombic, space group Pcca 
(No. 54), a = 11.469(4), b = 14.686(2), c = 15.026(4) A, V = 2530.9(4) A', Z = 4，= 
1.918 gcm-3, De = 1.924 gcm-3, p. = 18.0 cm-� 
Table 2 .5 .5 • Selected bond lengths and angles for complex 24 
Symmetric codes: a) -x，-y, -z; b) -0.5+x, y, -z; c) 0.5-jc, -y, z： d) 0.5+Jc, y, -z; e) -0.5-Xy -y, z. 
Ag(l)...Ag(lfl) 2.856(2) Ag(l>-0(2a) 2.232(4) 
Ag(lHXl) 2.222(4) Ag(l)-0(2tjf) 2 . 5 6 5 � 
Ag(l)-0(2) 2 . 2 0 7 � C(lHXl) 1.242(8) 
C(l)-0(2) 1.243(8) 
O(2a)-Ag(l>-O(l) 163.6(2) O(l>-Ag(l>-O(2fl!) 118.6(1) 
0(2a)-Ag(l)-0(2^^ 74.6(2) Ag(l>-0(1)-C(l) 124.8(4) 
Ag(lflHX2H：� 123.4(3) Ag(16HX2)-C(l) 132.2(4) 
Ag(lflHX2)~Ag(l 的 103.1(2) 0(l>-C(l)-0(2) 127.5⑶ 
Complex 24 is a polymer based on bis(carboxylato-(9,(9')-bridged centrosymmetric 
Ag^ CEtaBET)^  dimers (Fig, 2.5.5), with the carboxylato group of EtsBET exhibits the sym-
metric syn-syn bridging mode [C-0 = 1.242(8) and 1.243(8) A, O-C-O = 127.5(6)°| as 
found in complex 25. The Ag-Ag separation of 2.856(2) k is slightly smaller than that 
(2.89 A) in metallic silver, suggesting a comparable extent of metal-metal interaction. The 
intra-dimer Ag-O distances and O-Ag-O angle are 2.222(4), 2.232(4)入 and 163.6(1)。， 
respectively, which are comparable to those found in the other dimeric structures of known 
silver(I) carboxy-lates. The present structure is extended into a stairs-like cationic polymer • • 
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running parallel to the a-dxis via metal-carboxylate linkage [Ag(l)-0(2e) = 2.565(5)入] 
between adjacent dimers, generating centrosymmetric rhombic Ag^ Qz units as found in the 
type D and the modified type D structures. The perchlorate group has no association 
shorter than 2.70 入 with the metal atom, so that complex 24 belongs to the type D dimeric 
structure. In contrast perchlorate groups have been found to be unidentate axial ligands in 
22 (modified type D), and in [{AgCl-Cl-CyHAOCHzCQMgCClCg} J (type B),…This 
difference may arise from the fact that the greater steric bulk of the triethylamino groups 
may only allow the axial site to be approached by smaller ligands such as the planar nitrate 
group in complex 23. Similar structure (type D) has been found in [{Ag2(gly)2}„]• 
(N03)2n,where the nitrate group is bound to the amino group via hydrogen bonds and has 
no direct interaction with the silver® atom/" 
C ( 8 ) 0 
i / 一 
Fig. 2.5.5. Perspective view showing the dimeric unit and the polymeric structure of the cationic chain in 24 and atom-numbering scheme. 
Symmetry codes are given in Table 2.5.5. 
V. Structure of [{A&(ppBET)2}„}((：104)2„ (25) 
Crystal data: QfiHigNiAgiOiiQi, FW = 716.96, monoclinic, space group C2/c (No. 
15), 29.288(6), b = 5.5476(8), c = 14.439(2) A, p = 107.47(1)�’ V = 2237.8(8) A，，Z 
=4’ Z)m = 2.210 gcm-3, D, = 2.128 gcm-3, |i = 20.4 c m � 
Complex 25 is a polymer based on bis(carboxylato-0,(9')-bridged centrosymmetric 
Ag2(ppBET)2 dimers (Fig. 2.5.6), with the carboxylato ^oup of ppBET exhibits the sym-
metric syn-syn bridging mode [C-O = 1 . 2 4 9 � and 1 . 2 4 9 � A，O-C-O = 125.6印°1 
being similar to those found in both complexes 23 and 24. The Ag-Ag separation of 
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2.854(1) A, mainly constrained by the bis(carboxylato-0,0')-bridge, is slightly smaller 
than that (2.89 A) in metallic silver, suggesting a comparable extent of metal-metal inter-
action. The intra-dimer Ag-O distances and O-Ag-O angle are 2.217(2), 2.185(2) A and 
161.8(1)° respectively, which are comparable to those found in the other dimeric structures 
of known silver(I) carboxylates. The present structure is extended into a stairs-like cationic 
polymer running parallel to the 办-axis via metal-carboxylate linkage [Ag(l)-0(2^)= 
2.497(2) A] between adjacent dimers, generating centrosymmetric rhombic units as 
found in the type D and the modified type D structures. The perchlorate group has no 
association shorter than 2.70 A with the metal atom. Hence by analogy to complex 24， 
complex 25 belongs to type D in the dimeric structure classification. 
Table 2.5.6. Selected bond lengths and angles for complex 25 
Symmetric codes: d) 1.5•；c’ 0.5->, 1-z; b)x’ -l+:y，z; c) l.S-x, 1-z. 
Ag(l)."Ag(lfl) i 8 5 4 � Ag(lHX2fl) 2.185(2) 
Ag(l>-0(1) 2.217(2) Ag(lc)-0(1) 2 . 4 9 7 � 
C(l)-0(2) 1.243(8) C(lHXl) 1.242(8) 
0(lc>-Ag(l>-0(l) 78.0(1) 0(l>~Ag(lHX2a) 161.8(1) 
0(2a)-Ag(l)-0(lc) 112.2(1) Ag(l)-0(1)-C(l) 125.2(2) 
Ag(lfl)-0(2)-C(l) 125.0(2) Ag(lc>-0(1)-C(l) 128.8 � 
Ag(l)-0(2>-Ag(lc) 102.0(1) 0(l)-C(l)-0(2) 125.6(3) 
Agdb, c(5, • 
Agdc) 
Fig. 2.5.6. Perspective view showing the dimeric unit and the polymeric structure of the cationic chain in 25 and atom-numbering scheme. Symmetry codes are given in Table 2.5.6. 
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VI. Structure of [{A&(ppBET)2(N03)2} J (26) 
Crystal data: C^^^^^^Agjd^o, FW = 642.12, monoclinic, space group C2lc (No. 15), 
a = 29.43(2), b = 5.71(3), c = 13.813(6) A, p = 107.84(1)°, V = 2079(2) M Z = 4, = 
2.046 gcm-3, D, = 2.052 gcm:3, i^ = 19.1 cm-i. 
Table 2.5.7. Selected bond lengths and angles for complex 26 
Symmetric codes: d) l.5-x, 1.5-y, l-z; b) x, l+y, z; 
c) 1.5-JC, 2.5-Y, l-z;d)2.5-x，0.5-y, l-z;e)x, -1-y, z. 
Ag(l)…Ag(lfl) 2.901(2) Ag(l)-0(2(2) 2.216(4) 
Ag(lH)(l) 2.196(4) Ag(l)-0(le) 2.552(4) 
Ag(l)-0(3) 2.511(4) C(lHXl) 1.257(6) 
C(l)-0(2) 1.258(6) 
0(3)-Ag(l)-0(l) 99.6(2) 0(3)~Ag(l>-0(2^) 106.7(2) 0(2ey-Ag(l)-0(l) 104.0(1) 0(l>-Ag(l)-0(2«) 161.0(1) 
0(2eyAg(l)-0(2a) 81.6(2) 0(3>-Ag(lH)(2a) 96.0(2) 
Ag(l)-0(1>-C(l) 126.4(3) Ag(lfl>-0(2>-€(l) 123.6(3) 
Ag(l^>-0(2>-€(l) 124.6(3) Ag(lflH3(2)-Ag(l^) 98.4(1) 
0(1)-C(1HX2) 125.6(3) 
Agdb) 
0(5)0—^ 0(3) I ^0(2aJ ^ 
0(4) 0(2e) k , ! 
Agdd) 
Fig. 2 .5 .7. Perspective view showing the dimeric unit and the polymeric structure 
in 26 and atom-numbering scheme. Symmetry codes are given in Table 2.5.7. 
Complex 27 also features a step polymeric structure constructed from bis(carboxylato-
0,0')-bridged centrosymmetric Ag2(ppBET)2 dimers (Fig. 2.5.7), with the carboxylato 
group of ppBET serving in the symmetric syn-syn bridging mode [C-O = 1.258(6) and 
1.257(6) A, O-C-O = 126.2(5)°!. The Ag-Ag separation of 2.901(2) k in complex 26 is 
slightly larger than that (2.89 A) in metallic silver, indicating a comparable or weaker metal-
metal interaction. The intra-dimer Ag-0 distances and O-Ag-O angle are 2.196(4), 
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2.216(4) A and 161.0(1)。，respectively, which are comparable to those in complex 25. 
The present structure is extended into a one-dimensional stairs-like chain running parallel to 
the 办-axis via metal-carboxylate linkage [Ag(l)-0(2e) = 2.552(4) A] between adjacent 
dimers, resulting in a centrosymmetric rhombic units as found in the type D and the 
modified type D structures. The coordination sphere about each metal atom is completed 
by a unidentate nitrato ligand [2.499(7) A] at each axial site of the dimer, thus complex 26 
is a modified type D structure such as those of complex 22 and [{Ag2(PhC02)2(py)2}„]•'" 
Although the nitrate group has been found to participate in coordination in [{Ag2(ala)2-
( N 0 3 ) 2 } a n d complex 23，serving in the bidentate bridging and unsymmetric chelating 
modes, respectively, the unidentate nitrato group as an axial ligand has not been reported 
hitherto. Thus complex 26 is a new structural variety among silver(l) carboxylate 
complexes containing nitrate anions. 
VII. Structure of [{Ag2(prBET)2(N03)2} J (27) 
Crystal data: Ci2H26N4Ag20io, FW = 602.18, monoclinic, space group C2lc (No. 15), 
a= 18.319(6), b = 12.440(4)，c = 10.479(2) A, p= 119.83(2)° V = 2071.0(8)入〜Z = 4， 
Dm = 1.925 gcm-3, d, = 1.932 gcm-3, ^ = 19.3 c m � 
Table 2.5.8. Selected bond lengths and angles for complex 27 
Symmetric codes: a) -x, y, 0.5-z; b) x, -y, 0.5+z; c) -x, -y, -z. 
Ag(l)…Ag(lfl) 2.800(2) Ag(l>"0(2fl) 2.235(3) 
Ag(lK>(l) 2.218 � Ag(lHX2e) 2.588(5) 
Ag(l)-0(3) 2.499(7) C(l)-0(1) 1.237(8) 
C(l)-0(2) 1.254(8) 
0(3)-Ag(l)-0(l) 118.0(2) 0(3)-Ag(l)-0(2^j) 88.4(2) 
0(2^>-Ag(lHXl) , 153.6(2) 0(3)-Ag(lH)(2^) 79.2(2) 
0(2^)-Ag(l)-0(l) 95.6(2) Ag(l)-0(1H:(1) 126.4(3) 
0(2a>-Ag(l>-0(2^) 87.9(2) Ag(l)-0(1)-N(2) 113.0(5) 
AG(LFLHX2HXL) 127.8(3) Ag(16HX2>-C(l) 120.3 � 
Ag(lflHX2>"Ag(l 的 92.1(2) 0(1H:(1)-0(2) 125.6(3) 
Complex 27 is a polymer featuring the bis(carboxylato-(9，(9，)_bridged Ag^CprBET)? 
dimeric units of two-fold symmetry (Fig. 2.5.8), which is similar to the centrosymmetric 
dimers found in complex 21 to 26. The Ag…Ag separation [2.800(2) A] in complex 27, 
being very close to the shortest one [2.778(5) A] in the unusual dinuclear silver® carboxy-
late, [Ag2(hptc)2(H20)2], is considerably shorter (by 0.09 A) than that in metallic silver, 
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thus indicating a significantly stronger metal-metal interaction imposed by the bis(carboxy-
lato-0,0*)-bridges. The carboxylato group exhibits the slightly unsymmetric syn-syn 
bridging mode [C-O = 1.237(8) and 1.254(8) A, O-C-O = 125.6(4)°!. The intra-dimer 
Ag-O distances and O-Ag-O angle are 2.218(4)，2.235(3) A and 153.6(1)° respectively, 
which are comparable to the related complexes. The present structure is extended into a 
one-dimensional stairs-like chain running parallel to the c-axis through metal-carboxylate 
linkages [Ag(l)-0(2e) = 2.588(3) A] between adjacent dimers, forming a rhombic Ag^ Qz 
units as found in the type D and the modified type D structures. It is worthy of note that 
the pair of axial nitrato ligands [Ag(l)-0(3) = 2.554(3) A], acting in the unidentate fashion, 
lie on the same side of the mean plane of the dimeric unit, giving rise to a new modified 
type D structure different from all the other modified type D structures as found in 
complexes 22, 26，and [{Ag2(PhC02)2(py)2} J / " in which each axial site is occupied by a 
pyridine, perchlorate and nitrate ligand at opposite sides of the Ag2(carboxylato-。，(9，)2 
dimeric plane, respectively. 
S c �CIS) 
Fig. 2.5.8. Perspective view showing the dimeric unit and the polymeric structure in 27 and atom-numbering scheme. Symmetry codes are given in Table 2.5.8. 
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VIII. Structure of [{Ag2(prBET)2(H20)} J-(C104)2„-nli^O (28) 
Crystal data: Ci^^^^iiOuC^, FW = 713.08, monoclinic, space group P2^/c (No. 
14)，a = 5.7000(5), b = 24.923(8), c = 16.952(4) A,p = 93.25(4)�’ V = 2404.3(9)入〜Z = 
4，D^  = 1.980 gcm-3, = 1.970 gcm-3, ^ = 19.1 cm-i. 
Table 2.5.9. Selected bond lengths and angles for complex 28 Symmetric codes: a) 1-x, 1-3^ , -z; b) -1+x, y, z; c) l+;c, y, z. 
Ag(l>-0(11) 2.194(7) Ag(l>-0(21) 2.218(6) 
Ag(2HX12) 2.264(6) Ag(2)-0(22) 2.226(6) 
Ag(lHX12^) 2.573(6) Ag(2>-0(lw) 2.59 � 
Ag(2)-0(21c) 2.500(6) Ag(l)."Ag(2) 2.842(2) 
Ag(l)..-Ag(2a) 3.269(2) Ag(2)."Ag(2a) 3.346(2) 
C(ll>-0(11) 1.24(1) C(ll>-0(12) 1.24(1) 
C(21>-0(21) 1.26(1) C(21)-0(22) 1.228(9) 
0(21)-Ag(l>-0(11) 166.4(2) 0(11)-Ag(l>-0(12Z;) 115.2(2) 
0(126>-Ag(l>-0(21) 78.3(2) O(lw>-Ag(2>-O(12) 86.0(3) 
0(lw)-Ag(2)-0(22) 91.9(4) 0(12>-Ag(2>-0(22) 160.1(2) 
0(lw>-Ag(2)-0(21c) 83.1(4) O(12)-Ag(2>-O(21c) 79.1(2) 
0(22)-Ag(2)-0(21c) 120.4(2) Ag(l)-0(11>-C(11) 120.3(6) 
Ag(2)-0(12>-C(ll) 127.7(5) Ag(2)-0(12)-Ag(lc) 99.5(2) 
Ag(lgHX12)-C(ll) 132.7(6) Ag(l)-0(21)-C(21) 125.5(5) 
Ag(2)-0(22)-€(21) 122.1 � Ag(2^HX21H:(21) 126.6(5) 
Ag(lH)(21>~Ag(2的 103.1 � 0(11)"C(11HX12) 127.4(8) 
0(21>-C(21>-0(22) 126.8(8) 
Complex 28 is also a stairs-like polymer featuring the bis(carboxylato-(9,(9')-bridged 
Ag2(prBET)2 dimers (Fig. 2.5.9), with the intra-dimer Ag".Ag distance of 2.842(1) A. 
The intra-dimer Ag-0 distances and O-Ag-O angle ranges from 2.184(6) to 2.264(6)入 
and from 160.1(l)°to 166.4(2)° respectively. The dimeric structure is extended into a one-
dimensional stairs-like chain running parallel to the a-axis through metal-carboxylate 
linkages [Ag-O = 2.500(6) and 2.573(6) A] between adjacent dimers, forming a rhombic 
units similar to those in the other related structures. The perchlorate groups have no 
close contact shorter than 2.70 A with the silver® atom. Unlike all the other type D and 
modified type D structures, only one axial site of the dimer is bound to an aqua ligand, and 
thus complex 28 is another new modification of the type D structure. Another uncommon 
type D modification has been recently reported in a tetranuclear silver(l) carboxylate, namely 
[{Ag2(4-FQH4CH2C02)2(H20)2}2],i" in which a pair of Ag2(carboxylato-aO,)2 dimers 
are linked together through the axial site metal-carboxylate weak covalent bonds, generating 
a centrosymmetric AgzO� unit similar to those in the type D and modified type D 
structures, and terminated by an aqua ligand at each axial site of the molecule. 
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^ ^ C(23) 0(21c) 丨 9 NoTN^  • 
I 0(12o> A9{2a) I 0(22a) 
• 丫 1 % / 0 0(1wai 
Fig. 2.5.9. Perspective view showing the dimeiic unit and the polymeric structure of the cationic chain in 28 and atom-numbering scheme. Symmetry 
codes are given in Table 2.5.9. 
� 
Fig. 2.5.10. Molecular packing 势 
in [{Ag2(prBE'I)2(H20))J(C104)2„.wH20 , . (28) viewed parallel the a-axis. ^ ^ Metal-metal contacts are 0 / , 凑 n Z represented by thin broken lines. o ^ ^ \ (又 
擎 
The most interesting feature in complex 28 is that the Ag(l) and Ag(2) atoms in each 
chain have comparatively short inter-chain metal-metal contacts with the adjacent cationic 
polymeric chain in the "co-facial" fashion as illustrated in Fig. 2.5.10. Although these 
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interatomic distances [Ag(l)".Ag(2fl) = 3.269(2)，Ag(2).-Ag(2a) = 3.346(2) A] are 
significantly longer than the corresponding contacts found in the dimeric silver(l) carboxy-
lates, and in metallic silver as well, they are significantly shorter than twice the van der 
Waals radii of silver (2 x 1.72 = 3.44 A) /" and may play a significant role in the mode of 
crystal packing. 
IX. Structure of [{Ag(pyBET)(N03)} J (29) 
Crystal data: CyH^ NzAgOj，FW = 307.01, monoclinic, space group P2Jc (No. 14), a 
=12.849(2), b = 4.9992(3), c = 15.047(3)入’ p = 113.91(1)。，V = 883.6(3)入‘，Z = 
=2.301 g cm-3, Z), = 2.308 g cm-3, p. = 22.6 cm-� 
Table 2 .5 .10. Selected bond lengths and angles for complex 29 
Symmetric codes: d) 1-x, -0.5+;y, 0.5+z; b) l-x, 0.5+y, 0.5-z. 
Ag(l)…Ag(lfl) 3.011(1) Ag(l)-0(2fl) 2.289(3) 
Ag(l)-0(1) 2.334(3) Ag(l>-0(3) 2 . 4 3 4 � C(l)-0(1) 1.243(4) C(l)-0(2) 1.263(4) 0(3)-Ag(lH)(l) 86.0(1) 0(3)-Ag(l)-0(2a) 118.3(1) 0(l)-Ag(l>-0(2a) 139.8(1) Ag(l>-0(1)-C(l) 120.0(2) Ag(l>-0(1>-N(2) 119.1(2) Ag(l^>-0(2)-C(l) 127.0(2) 0(l>-C(l)-0(2) 128.3(3) 
对 Ag(lb) C12) c(7) 
Olio) 4 C � 
Agl l^ �0丨3) 
014) 
h 015) 
Fig. 2.5.11, Perspective view showing the coordination environment of the AgQ atom in [{Ag(pyBET)(N03)} J (29) and the atom-numbering scheme. Symmetry 
codes are given in Table 2.5.10. 
As illustrated in Fig. 2.5.11, the Ag(l) atom in complex 29 is coordinated by three 
oxygen atoms in a nearly planar and distorted trigonal environment. The two metal-ligand 
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bonds involving different carboxylato groups of pyBET ligands [Ag ( l ) -0 (1 ) = 2.334(3) 
and Ag-0(2a) = 2.289(3) A] are slightly longer than those [Ag-O(carboxy) = 2.211(6) and 
« 
2.220(6) A] for complex 22, and the third linked to the nitrate group [Ag(l)-0(3)= 
2.434(3) A] is shorter than those axially bonded nitrate groups in the dimeric structures of 
[{Ag(ala)2(N03)2} J [2.58(3) A],…complex 23 [ 2 . 5 2 4 � and 2.619(3) A], and complex 
26 [2.499(7) A]. There is no other Ag-O contact less than 2.75 A in the crystal structure. 
Each pair of adjacent Ag(l) atoms are bridged in the syn-syn mode by the carboxylato group 
of a single pyBET ligand, resulting in a zigzag polymeric chain running parallel to the 
axis in the cell. The metal-metal separation of 3.011(1) A is significantly larger than the 
average value (ca. 2.90 A) found for the dimeric silver® carboxylates (see Table 2.5.1). 
X. Structure of [{Ag(niBET)} J.wH^O (30) 
Crystal data: CgHgNAgOs, FW = 306.04，monoclinic, space group Pl^lc (No. 14), a 
• = 12.233(6), b = 5.049(1), c = 14.418(7) A , p = 94.96(4)° V = 887.2(6)人，，z = 4, = 
2.291 gcm-3, o , = 2.298 gcnr^, |i = 22.6 c m � 
Table 2 .5 .11. Selected bond lengths and angles for complex 30 
Symmetric codes: a) 1-jc, -0.5+y, 0.5-z; b) l-x, -0.5+;y, 0.5-z; 
c) 1-x, 1-y, l-z:b) Xy -1.5-3；, 0.5+z. 
Ag(l)…Ag(lfl) 3.124(2) Ag(l>-0(3) 2.374(5) Ag(l)-0(36) 2 . 5 7 0 � Ag(lHXlc) 2.358(5) Ag(lHX4 办） 2.284(5) C(l)-0(l) 1.246(9) 
C(1HX2) 1.243(9) C(8HX4) 1.230(8) 
C(8)-0(3) 1.267(7) 0(3)-Ag(l>-0(lc) 87.2(2) 0(3>"Ag(l>~0_ 133.3 � 0(lc)-Ag(l>-0(46) 128.9(2) 0(3>-Ag(l>-0(3^) 122.1(2) 
0(lc>-Ag(l)-0(3fl) 78.2(2) 0(3 办)"Ag(lHX4的 96.5(2) Ag(l)-0(lc)-C(lc) 124.4 � Ag(lflH)(4>"C(8) 123.6(4) Ag(l)-0(3)-C(8) 128.5(4) Ag(l>-0(3)-Ag(16) 78.3(1) 0(l)-C(l)-0(2) 127.7(7) CX3>C(8)-0(4) 128.1(5) Ag(l^>-0(3)-C(8) 114.8(4) Hydrogen bonding 
0(2)."0(lw) 2.755(9) 0(4d)-0(lw) 2.926(9) 
0(2)…0(lw)…0(4d!) 93.2(7) 
The Ag® atom in complex 30 is coordinated by four oxygen atoms in a distorted 
tetrahedral environment (Fig. 2.5.12). The Ag-O bond distances range from 2.284(5) to 
2.570(5) A; the shortest one is comparable to the intra-dimer Ag-O bonds (ca, 2.20 A) , and 
the longest to the axial Ag-O bonds found in the typical [Ag2(carboxylato-(9,(9' >2] dimeric 
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structures (ca. 2.50 A). The most distorted bond angle in the coordination tetrahedron is 
0(lc)-Ag(l)-0(3a) at 78.2(2)° being similar to the corresponding value found in other 
silver® carboxylates and silver(l) betaine complexes. In contrast, the largest bond angle in 
the present tetrahedron [i.e. 0(3)-Ag(l)-0(4Z?) at 133.3(2)°| is significantly smaller than 
that in the dimeric silverQ carboxylates, which is commonly at ca. 159° 
，）0(4b) 
/mh) 
c(7) CT @ 0(1) 
C ( 5 ) c ^ / C ( 2 ) V 
V ^ 0 ( 2 ) � � 
C ( 4 ) t ) " ^ C(3) 1 • � 
Fig. 2 .5 .12. Perspective view showing the coordination environment of the Ag® atom in [{Ag(niBET)}„].wHxO (30) and the atom-numbering scheme. Symmetry 
codes are given in Table 2.5.11. 
The acetato group of the betaine ligand acts in the tridentate mode, bridging the silver® 
atoms into a zigzag chain running parallel to the 2i-axis in the cell. Each pair of adjacent 
metal atoms are bridged by two kinds of carboxylato bridges: a syn-syn carboxylato group 
and a 1,1-0 carboxylato group, resulting in an uncommon [Ag(carboxylato-0,0')-
(carboxylato卞-1,1-6))] six-membered ring (Fig. 2.5.11). The metal-metal separation of 
3.124(2) A in this ring markedly exceeds the average value (2.90 A) found for the dimeric 
silver(l) carboxylates as well as the interatomic distance in metallic silver (2.89 A), hence 
excluding any significant metal-metal interaction. The present structure is extended into a 
two-dimensional "thick layers" concentrated about the (200) family of planes in the unit cell 
through the coordination of the aromatic carboxylato group as a unidentate ligand. The 
lattice water molecule forms hydrogen bonds with the uncoordinated oxygen atom of the 
aromatic carboxylato group [0(lw)…0(2) = 2.755(9) A] and the coordinated oxygen atom 
of the acetato group [0(lw)…0(4d) = 2.936(9) A]. Although a tridentate carboxylato 
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group has been found in the one-dimensional polymeric silver(I) carboxylates based on the 
dimeric subunits, yielding either Ag2(carboxylato-(9，(9，)2 eight-membered or rhombic A g : � � 
four-membered rings, to our knowledge the present six-membered ring constitutes the first 
example of its kind. 
_ 齒 I�_ _ _ j 
Fig. 2.5.13. Stereoview showing the crystal structure of [{Ag(niBET)} J./iKy) 
(30). H-bonds are represented by broken lines. The origin of the unit cell lies the upper 
left comer, with a pointing from right to left, b towards the reader, and c downwards. 
2.5.2 Discussion on the Silver® Complexes 
Although most s i l v _ complexes of betaines exhibit polymeric structures constructed 
from Ag2(carboxylato-<9，(9，)2 dimeric units, as commonly found in carboxylate complexes, 
the present study has revealed some new structural varieties. The presence of the axial 
chelate nitrato ligand in complex 23, and the axial unidentate nitrato ligands lying at the 
same side of the dimeric plane in complex 27, respectively, make them unique among the 
AgNOg complexes containing carboxylato ligands that are presently known, although 
directly bound nitrate group is not without precedent in this series. For example, the nitrate 
groups acts as unidentate ligands in complex 29 (type £2)’ and as bidentate bridging 
ligands extend the type C dimers into a polymeric species in [{Ag2(ala)2(N03)}J.“® 
Furthermore, complex 23 is the first example of a non-polymeric structure among silver® 
betaine complexes. The other nitrato complex, i.e. complex 27, has an interesting feature: 
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a pair of the nitrato ligands coordinate the metal atoms in a dimeric structure in the same 
side of the mean plane of the dimer. 
It is interesting that the structures of complexes 29 and 30 are exceptions to the pre-
vious classification system,"^ and accordingly they can be classified into the fifth type, i.e. 
type E, which does not have any dimeric structure. On the other hand, the coordination 
motif (cf. Fig. 2.5.1(g) and (h) for 29 and 30, respectively) of these two complexes is 
different from the other type E structure found in [ {Ag(4-Cl-2-Me-C6H30CH2C02)} „], 
where the metal atom is linearly coordinated by two oxygen atoms of different syn-anti 
bridging carboxylato-(9,0' ligands into a one-dimensional structure (Fig. 2.5.1(f)). In 
contrast, complex 29 features a syn-syn bridging carboxylato group, and complex 30 a 
six-membered ring structure, making them distinct from all the known silver(I) complexes 
of carboxylato ligands. The coordination motif in complex 30 is even different from a 
known silver� dicarboxylate, namely silver(l) malonate,"* which has the Ag2(carboxylato-
0,0\ dimeric structure commonly found. Thus complexes 29 and 30 exhibit two new 
structural varieties among silver(I) carboxylates and related complexes. 
The silver(I) ion has a strong tendency for four-coordination involving two strong and 
two weak Ag-0 bonds. As seen form Table 2.5.1, more than half of the silver® carboxy-
lates adopt the dimeric structure of distorted tetrahedral coordination geometry, i.e. types C 
and modified D, in which the silver® atom forms two intra-dimer strong covalent Ag-0 
bonds (ca. 2.2 A) and two axial weak covalent Ag-O bonds {ca, 2.5 A). Furthermore, 
longer metal-ligand contacts are very commonly found among two- or three-coordination 
geometry. For example, longer contacts {ccl 2.70 A) between the silver® atom and the 
oxygen atoms of the perchlorate anion are found in both complexes 24 and 25. Similarly, 
two longer-range associations {ca. 2.65 A) between the metal atom and the carboxylato 
groups of adjacent dimers exist in [AgzfC^FsOCHzCCyj which has been described in 
terms of the type A structure.On the other hand, in some silver(I) carboxylates of type A 
discrete dimeric structure, the silverOO atom can form some comparatively short silver(l)-
aromatic ring contacts, one typical example being [AgjCljG-CHOVQHsCOj)�,…where th  
contacts between the metal atom and the carbon atoms of aromatic ring from adjacent dimer 
have distances ranging from 2.69 to 2.95 A. 
It is worthy of note that short intra-dimer metal-metal contacts are frequently observed 
in the dimeric structures of silver® carboxylates, and the mean value of 2.90 A is virtually 
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equal to that in metallic silver. In particular, some unusual short Ag-Ag distances in the 
range 2.788(5)人 to 2.814(1) A are found in [{A&(hptc)2(H20)2} J , complexes 22 and 
23，respectively. Although these values are larger than those Ag-Ag distances found in 
[Ag2(PhNNNPh)2] (2.67 A),^^' [Ag^CEtOCsHANNNCsKUOEt)�(2.72 A),"® 
[{LbPdAg(PPh3)}J (where the Schiff base = C37H48NAS2'". 2.76 A) / " they are 
significantly smaller than that in metallic silver, as well as the mean value for the dimeric 
silver® carboxylates. Whether or not bonding interactions are possible between metal 
atoms has been a matter of some dispute;'"""' however, convincing evidence for definite 
AU-AU bonding interaction in some gold(I) clusters of short metal-metal separations has 
been recently reported/" Therefore the very short Ag-Ag separations in the dimeric 
structure of silver(I) carboxylates may well reflect a similar attractive interaction. On the 
other hand, these short Ag-Ag separations may partially arise from the imposition of the 
bis(carboxylato-(9，0，）bridge in view of the fact that the metal-metal contacts in both 29 
and 30 are markedly larger, 
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2.6. Copper(Il) Complexes 
The crystal structures of copper(n) complexes have been widely studied, which may 
arise from the fact that copper(n) complexes exhibit a seemingly infinite variety of geometry 
distortions as well as different coordination numbers/“ The distortion mainly caused by 
the Jahn-TeUer effect, the sense of which can only be determined by X-ray crystallography， 
has been a subject of a large number of investigations. In the area of copper(n) carboxylate 
chemistry, the coordination number can range from five to nine, although the number of 
seven or higher is rare even considering Cu-L distances up to 3.0 A. 
Hitherto only four examples of structurally characterized eight-coordinate complexes of 
copperOl) carboxylates have been reported, most of which are double salts possessing poly-
meric structures in the solid state. The first example, [{CaCi^MeCOj^CHp)�} J 4 / i H A 
was initially characterized by Langs and Hare"' and later refined by Klop and co-
workers."V A study of the polarized single-crystal electronic and ESR spectra of this 
double salt suggested that the long Cu -O contact of 2.788(2) A reflects a significant 
though weak metal-ligand bonding.…Later the structure of a discrete eight-coordinate 
copper® carboxylate [Cu(aha)4](C104)2 (aha = 6-aminohexanoic acid) was reported"® and 
subjected to an electronic and ESR spectroscopic investigation，”！ which confirmed the 
weak metal-Hgand bonding at a distance of 2.88(1) A. The other two known examples are 
double salts, namely [{Rb^CuCphO^CH^O)^ } J and [{Li^ CuCphO^CH^O)^ } J (pht = 
phthalate),"' in which the long Cu-0 contacts range from 2.770(4) to 3.072(5) A 
The other important aspect of copper(ll) carboxylates, as mentioned previously, is the 
dimeric [CuzCRCOzXLJ structures, which have been investigated very intensively"," and 
provoked considerable controversy about the nature of the Cu…Cu interaction with an 
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interatomic separation ranging from 2.563(4) to 2.886(2) A. Unfortunately, no clear 
conclusion has been drawn so far. Numerous complexes containing a diversity of bridging 
carboxylates, including R = H, Me, CF3, CCI3, etc.，and in particular, SiMe^Ph尸 as well 
as a large number of neutral apical ligands, e.g. L = H^O, urea, pyridine (py), dioxane 
(diox), quinoline (quin), caffeine (caf), etc” and in particular, two very bulky nitroxyl 
compounds, namely 2,2,6,6-tetramethylpiperidinyl-l-oxy (tempo) and 2,2,5,5-tetramethyl-
pyrrolinyM-oxy (proxy)"^ are known. In contrast, to our knowledge only one anionic 
group，SCN", has been established as an apical (L) ligand."® 
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As neutral ligands, betaine and its analogues exhibit several useful characteristics. For 
example, they usually have larger O-C-O bond angles than the common carboxylate groups 
owing to the effect of the positively-charged nitrogen atom {cf, section 2.1), and can be 
used to prepare easily soluble complexes in which the metal center bears additional anionic 
ligands. These characteristics can be utilized in the synthesis of copper® complexes 
containing neutral carboxylate-like ligands and various anionic ligands, especially dimeric 
copper(n) complexes containing the neutral bridging betaine ligands and anionic apical 
ligands, the study of which is expected to yield additional structural data for assessing the 
effects of ligands on the Cu…Cu separation. Furthermore, betaines can also be used to 
prepare metal complexes rich in carboxylate-like ligands in the hope of obtaining new 
structural varieties of high coordination numbers. Several copper(Il) betaine complexes 
have been prepared and structurally established. In this section, the results are presented 
and the discussion is focused mainly on the Cu.“Cu separation variation in the dimeric 
structures. 
2.6.1. Structures of Copper(II) Complexes 
1. Structure of [{Cu(pyBETXH20)2(S04)} J (31) 
Crystal data: CsHuNCuOgS, FW = 314.73, orthorhombic, space group Pnma (No. 
62), a = 10.915(2)，b = 7.781(2), c = 12.336(2) A, 1059.8(3)人Z = 4, = 2.062 
g cm-3, Dc = 2.072 g cm-3, ji = 22.9 cm-� 
Table 2.6.1. Selected bond length and angles for complex 31 
Symmetric codes: a) x, 0.5-y, z; b) 0.5+;c, y, 0.5-z; c) -x, l-y^ z. 
Cu(lHX3) 1.921(5) Cu(lHXlw) 1.985(3) 
Cu(l)-0(1) 1.944(4) Cu(lHX46) 2 . 2 6 8 � 
Cu(l).. 0(2) 2.853(5) C(l)-0(1) 1.254(7) 
C(1H)(2) 1.249(7) 
0(3>-Cu(l>-0(lw) 92.0(1) 0(l)-Cu(l)-0(3) 171.8(2) 0(l)-Cu(l>-0(lw) 87.4(1) 0(3)-CU(1)-0(4^) 96.9(2) 
0(4 办>~Cu(l)"0(lw) 94.3(1) 0(l)-Cu(l)-0(4^) 91.4(2) 
O(lw)-Cu(l)-O(lwfl) 170.1(1) Cu(l)-0(1)-C(l) ‘ 112.9(4) 
CXl)-C(l)-0(2) 126.0(6) 
Hydrogen bonding 
0(lw>..0(2c) 2.755(6) 0(lw)…0(5c) 2.704(6) 
0(5c)..0(lw)…0(2c) 140.6(4) 
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As illustrated in Fig. 2.6.1，the C _ atom in complex 31 occupying Wyckoff position 
4(c) of symmetry m is coordinated in a distorted square-pyramidal fashion by two trans-
related aqua ligands [Cu-0 = 1.985(3) A], one carboxylato oxygen atom of the pyBET 
ligand [Cu-O = 1.944(4) A], one sulfate oxygen atom [Cu-0 = 1.921(5)人]in the basal 
positions, and one oxygen atom from another sulfate g^oup in the apical position at a 
markedly longer bond distance [Cu-O = 2.268(5) A]. The basal oxygen atoms are virtually 
coplanar (mean deviation from the least-squares plane is 0.007 A), and the Cu(n) atom is 
displaced slightly from the mean plane towards the apical oxygen 0(Ah) by ca. 0.145 A. 
The "pendant" 0(2) oxygen atom of the carboxylato group is in the vicinity of the Cu(n) 
atom [Cu "0(2) = 2.853(5) A], and the O-C-O angle [126.0(6)°| is marginally smaller than 
those found in complexes 32 [127.2(4)’ and 11 [128.2(2)’，where the carboxylato group 
of pyBET ligand acts in the unidentate mode. This fact is suggestive of weak bonding 
between the Cu(l) and 0(2) atoms.""，！ xhe present structure is extended into a zigzag 
chain bridged by the sulfate bridging linkages running parallel to the c-axis (Fig. 2.6.2). 
Moreover, with the acetate group and the N(l), C(5) atoms lying on the Wyckoff position 
4(c) of symmetry m, the pyBET ligand has exact C^ symmetry in the structure, which has 
not been observed hitherto for this ligand. 
资 0(4b) 
Odwa) ® 1 
W V 1 C u d ) ， C(5) \ X ) C(3a) 0(1) 0(4) 
c(3) ^ c m ^ 0(lw) ^0(5) 
0(2) 
Fig. 2.6.1. Perspective view showing the coordination environment of the Cu(n) atom in (31) and atom-numbering scheme. Symmetry codes: d) x, o.5-;y, z; b) o.5+x, y, o.5-z; 
Each aqua ligand forms two donor hydrogen bonds with the "pendant" oxygen atom of 
the carboxylato group and the uncoordinating oxygen atom of the sulfate group from an 
adjacent polymeric chain, thus extending the structure into a three-dimensional network as 
illustrated in Fig. 2.6.2. 
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Fig. 2 .6 .2. Stereoview of the crystal structure of [{Cu(pyBET)(H20)2(S04)U 
(31). The origin of the cell lies at the upper left comer, with a pointing from left to right, 
b towards the reader, and c downwards. 
n. Structure of [Cu(pyBET)(H20)2Cy.H20 (32) 
Crystal data: C5H13NCUO5CI2, FW = 325.63, monoclinic, space group C2/m (No. 12)， 
a= 21.363(3)，b = 7.276(1), c = 7.828(2) A,p = 90.229(8)° V = 1216.8(2)人〜Z = 4，An 
=1.790 g cm-3, Dc = 1 nil g cm-3, [1 = 22.5 cm-i. • 
As shown in Fig. 2.6.3，the crystal structure of complex 32 consists primarily of 
discrete [Cu(pyBET)(H20)2Cl2] molecules. The copper® atom, as located at Wyckoff 
position 4(/) of symmetry m, is coordinated by one chloro ligand [Cu-Cl = 
2.266(1) A], 
two /r而-related aqua ligands [Cu-0 = 1.968(3) A], and one unidentate carboxylato group 
of the pyBET ligand [Cu-O = 2.000(3) A] at the basal positions. The coordination sphere 
is completed at the apical position by a more distant chloro ligand [Cu-Cl = 2.469(1) A], 
resulting in a distorted square-pyramidal coordination geometry. As in the case of complex 
31, the four basal ligand atoms in present complex lie nearly in the same plane with a mean 
deviation of 0.011 入，and the Cu(l) atom is displaced from it by 0.272 A towards the 
apical ligand. The larger displacement in complex 32, concomitant with smaller 0(1 w)— 
Cu(lHXlwfl) and 0(1)-Cu-€1(1) angles, and a larger Cu(l)-0(1)-C(l) angle, may in 
part be attributed to the fact that the "pendant" oxygen atom of the carboxylate group has no 
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direct interaction with the Cu(l) atom, as evidenced by the substantially longer Cu(l)".0(2) 
distance of 3.148(3) A. The pyBET ligand in complex 32 also attains exact C各 symmetry 
as in 31’ with the acetate fragment and the N(l) and C(5) atoms occupying Wyckoff 
position 4(1) of symmetry m. 
t 
Table 2.6.2. Selected bond length and angles for complex 32 
Symmetric codes: a) x, -y, z; b) x, 1-y, z; c) 0.5-x, 0.5-y, 1-z; 
d) 0.5+jc, 0.5-y, -z. 
Cu(l)"CKl) 2.266(1) Cu(l)-Cl(2) 2.469(1) 
CuClHXl) 2.000(3) Cu(lHXlw) 1.968(3) 
C(lHXl) 1.257(6) C(1HX2) 1.231 � 
Cl(l)-Cu(l)-Cl(2) 104.0(1) 0(lwH^u(l)-Cl(l) 89.3(1) 
Cl(2)-Cu(l>-0(lw) 97.5(1) C1(1H:U(1)-0(1) • 164.7(1) 
0(l)-Cu(l>-0(lw) 88.7(1) Cl(2)-Cu(l)-0(1) 91.3(1) 
0(lw)-Cu(l)-0(lwfl) 164.8(1) Cu(lH)(l)-C(l) 122.1 � 
0(l)-C(l)-0(2) 127.2(4) 
Hydrogen bonding 
0(lw)...0(2w) 2.671 � a(lc)."0(2w) 3.177 � 
0(lw)…0(2w).0(lw 的 140.6(4) Cl(lc)...0(2w)�Cl(2^^ 80.3(4) 




Fig. 2 .6 .3. Perspective view showing the crystal and molecular structure of fCu(pyBET涵^Cy H^O (32) and atom-numbering scheme. Symmetry 
code a) 0.5-y, z. 
Hydrogen bonding plays an important role in consolidating the crystal structure (Table 
2.6.2). Each lattice water molecule forms two acceptor hydrogen bonds with adjacent aqua 
ligands and two donor hydrogen bonds with different chloro ligands, resulting in two-
dimensional "thick layers" concentrated about the (400) family of planes, as illustrated in 
Fig. 2.6.4. 
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Fig. 2 .6 .4. Stereoview of the crystal structure of [Cu(p3^BET)(H20)2Cy.H20 (32). The origin of the cell lies at the upper left comer, with a pointing from left to right, b towards the reader, and c downwards. ‘ 
III. Structure of [Cu(BET)J(N03)2 (33) 
Crystal data: C20H44N6CUO14, FW = 656.15, tetragonal, space group I42m (No. 121), 
a= 11.443(2), c = 11.672(2) A, V = 1528.4(5) A'，Z = 2 ， = 1.427 gcm-3，d, = 1.426 
gcm-3, ^ = 7.80 cm-i. 
Table 2.6.3. Selected bond length and angles for complex 33 . 
Symmetric codes: a) y, x, z; b) -x, y, -2; c) -x, -y, z; d) x，-y, -z. 
Cu(lHXl) 1.948(3) Cu(l)-0(2) 2.833(4) 
C(l)-0(1) 1.270(8) C(1HX2) 1.225(7) 
0(1)-Cu(l)-0(16) 90.2(1) 0(1H:U(1>-0(2) 51.3 � 
0(1H:U(1>-0(1C) 173.2(4) 0(2)-Cu(l)-0(2c) 84.1(4) 
0(l)-Cu(l>-0(li$ 90.2(1) Cu(l>-0(1)-C(l) 112.1 � 
0(l)-C(l)-0(2) 125.6(5) 
The crystal structure of complex 33 comprises a packing of discrete [Cu(BET)4]2+ 
cations and nitrate anions. The Cu® atom, occupying Wyckoff position of 2(a) of sym-
metry 42m (P2J}，is coordinated by four BET ligands with four short Cu-0(carboxy) bonds 
[Cu(l)-0(1) = 1.948(3) A] in an approximately square-planar fashion with the most 
distorted angle being 0(l)-Cu(l)-0(lc) at 173.2(4)° The coordination sphere of the 
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copperCD) atom is completed by the remaining four ligand 0(2) atoms at much longer 
contacts of C(l)-0(2) = 2.833(4)入.The BET ligands, as located at Wyckoff positions of 
8(i) of symmetry m, coordinate the copper(n) atom in an alternately up/down fashion, so 
that the cation may be considered to possess a (4+4*) distorted dodecahedral stereochem-
istry about the C _ atom. 
Fig. 2 .6 .5 . Perspective view FC � 
showing the molecular structure 
of the [CU(BET)4广 cation in 33 c⑷ cwd 
and atom-numbering scheme. 
Symmetry codes are given in A cil) 
Table 2.6.3. Q % 
6 o(ib) l^ cu oiid) 0 
Ollc) � te 0(2c) 
Similar stereochemistry has been found in [{CaCu(MeC02)4(H20)2} J.A/iHzCT，’"* and 
[Cu(aha)4](C104)2"�in which the coordination geometry about the Cu(ll) atom has exact 4 
(S4) symmetry with four short and long Cu-O(carboxy) bonds of lengths 1.969(1) and 
2.788(2) A, respectively for [{CaCu(MeC02)4(H20)2} J^wH^O, and 1.93(1) and 2.88(1) 
A, respectively, for [Cu(aha)4](C104)2. The previous spectral studies of these two com-
plexes have suggested that one of the filled s炉 orbital of the long-bonded carboxy oxygen 
weakly overlaps the d,2 orbital of the Cu® atom."''"' The same type of metal-Hgand inter-
action is expected to exist in the present cation. The enhanced extent of asymmetric 
chelation of the BET ligand to the Cu(n) center, as compared to the acetate ligand, may be 
correlated to the significantly larger O-C-O angle of the BET ligand [125.6(5)�] than that of 
the acetato group [122.0(2)�]. The main different between structures of the present com-
plex and the Ca® double salt is that the long-bonded oxygen in the latter also coordinate to 
the Ca(ll) atom, thereby bridging the Cu(n) and Ca(n) atoms into a one-dimensional 
polymer. 
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IV. Structure of [CiKppBETXKClOJ! (34) 
Crystal data: C32H36N4CUO16CI2, FW = 867.16, triclinic, space group PI (No. 2), a = 
7.3760(8), b = 8.558(1), c = 1 5 . 4 0 2 � A, a = 102.05(1), p = 98.55(1), y = 99.74(1)�, V 
=920.0(2) A，，Z= 1,D„= 1.561 gcm-3, D, = 1.565 gcm-3, ^ = 8.15 c m � 
Similar to complex 33，the crystal structure of 34 consists of discrete [Cu(ppBET)4]2+ 
cations and perchlorate anions. The C _ atom, as located at an inversion center, is 
coordinated by four ppBET ligands with four short Cu-O(carboxy) bonds [Cu(l)-0(11)= 
L991(l), Cu(l)-0(21) = 1.927(2) A] in a square-planar fashion with cis O-Cu-O angles 
at 86.3(1) and 93.7(1)° The coordination sphere about the copper(n) atom is completed by 
the remaining four oxygen atoms of the carboxylato groups in a centrosymmetric up/down 
arrangement at much longer contacts of Cu(l)-0(12) = 2.839(4) and Cu(l)-0(22)= 
3.088(3) A, resulting in approximate site symmetry for the Cu(n) atom. Thus the 
present cation can be regarded to attain an irregular square-antiprismatic geometry. The 
longer Cu(l)-0(12) distance is comparable to that in complex 33, while the much longer 
Cu(l)-0(22) distance may arise from the mutual repulsion of the cw-related carboxylato 
groups in the asymmetric arrangement. 
C�25 丨 C(26l 
J H C{27» p r ^ Y N12) C(28) 
^ 0(22) J 
\ 0(12。） C(22丨 
\ Q / yc(2ii 
r 0 c(i4) 
Fig. 2 .6 .6 . Perspective view showing the molecular structure of the [Cu(ppBET) J^ "^  
cation in 34 and atom-numbering scheme. Symmetry code: a) -x, -y, -2, 
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Table 2.6.4. Selected bond length and angles for complex 34 
Symmetric code: a) -x, -y, -z. 
Cu(l)-0(11) 1.991(4) Cu(l)-0(12) 2 . 8 3 9 � 
Cu(l)-0(21) 1.927(3) Cu(l)-0(22) 3.088(4) 
C(LL)-0(11) 1.280(5) C(LL>-0(12) 1 . 2 2 4 � 
C(21)-0(21) 1.288(5) C(LL)-0(12) 1.214(5) 
O(ll)-Cu(l)-O(21) 93.7(1) 0(11)-Cu(l)-0(21) 86.3(1) 
O(ll)-Cu(l)-O(12) 50.9(1) 0(21H:U(1>-0(22) 46.1(1) 
Cu(l)-0(11>-C(ll) 111.7(3) Cu(l)-0(21)-C(21) 120.4(2) 
0(11)-C(11)-0(12) 124.1(5) 0(21>-C(21)-0(22) 127.0(4) 
Most of the eight-coordinate copper(ll) complexes adopt an alternate up/down arrange-
ment of the four carboxylato groups. In contrast, as the metal atom in the present cation 
occupies an inversion center, the four ppBET ligands coordinate the metal atom in an 
asymmetric two up/two down fashion, thereby attaining approximate C^ site symmetry. 
The only similar coordination geometry is found in [{Li2Cu(pht)2(H20)4} J in which 
each pair of adjacent Cu® atoms are doubly bridged by a pair of pht ligands into a one-
dimensional polymeric structure. It is notable that the relatively shorter Cu(l)-0(12) bond 
among the longer Cu-0 bonds is associated with the smaller Cu(l)-0(11)-C(ll) and 
O(ll)-€(11)-O(12) bond angles, as compared to those [Cu(l)-0(21)-C(21) = 120.4(2)� 
and 0(21)-C(21)-0(22) = 1 2 7 . 0 � ’ involving a longer Cu(l)-0(22) [3.088(1) A] weak 
bond. This fact is in accord with the observation in 31, indicating that the weak Cu-0 
bonding can decrease both the corresponding Cu-O-C and O-C-O bond angles. 
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V. Structure of [Ci](i(pyBET)4Cl2]3[CuCl4]2Cl2 (35) 
Crystal data: C84H84N12CU8CI16O24, FW = 2721.32, trigonal, space group P3 (No. 147), 
a= 22.848(3), c = 7.0002(8) A , y = 3 1 6 4 . 7 � A � Z = 1.425 gcm^ D, = 1.428 
gcm-3’ M^ = 17.1 cm-i. 
Table 2.6.5. Selected bond length and angles for complex 35 Symmetric codes: d) -x, 1-y, -z; b) l-y, l+;c-y’ ,-z； c) y-x, l-x, z. 
Cu(l)-Cl(l) 2.436(3) Cu(lH)(ll) 1.982(8) 
Cu(l)-0(21) 1.987(6) Cu(l)…Cu(lfl) 2 . 7 9 5 � Cu(l)-0(12a) 1.987(9) Cu(l)-0(22fl) 1.991(6) 
Cu(2)-Cl(2) 2.213 � Cu(2H:1 � 2.271(7) 
C(llHXll) 1.242(12) C(ll)-0(12) 1.246(17) 
C(21)-0(21) 1.254(14) C(21)-0(22) 1.261(15) Cl(l)-€u(l>-0(ll) 101.3 � Cl(l^Cu(l)~0(21) 95.7(2) 
Cl(l)-Cu(l)-0(12FL) 9 5 . 1 ( 2 ) C 1 ( 1 ) - C U ( 1 ) - 0 ( 2 2 ^ 2 ) 1 0 0 . 2 ( 2 ) 0(11)-Cu(l)-0(21) 87.7(3) O(21)-Cu(l)-O(22fl) 89.6(3) 0(ll)-Cu(l)-0(22) 87.2(3) O(12a)-Cu(l>-O(22fl) 91.1(3) 0(llK:u(l>-0(12fl) 163.5(3) 0(21)-Cu(l)-0(22fl) 163.9(3) Cu(l)-0(11>-C(ll) 121.9(9) Cu(lflHX12)-C(ll) 127.6(6) 
C U ( 1 H X 2 1 H : ( 2 1 ) 1 2 5 . 2 ( 7 ) Cu(lflHX22)-C(21) 1 2 2 . 2 ( 6 ) 
C 1 ( 2 H : I I ( 2 H : 1 � 1 0 9 . 0 ( 1 ) C 1 ( 2 6 H : U ( 2 H : 1 � 1 1 0 . 0 ( 1 ) 
0(11)-C(11HX12) 126.9(11) 0(21K:(21)-0(22) 127.7(8) 
The crystal structure of complex 35 consists of discrete [Cu2(pyBET)4Cl2]^ % [CuClJ^" 
and chloride ions. The dimeric [Cu2(pyBET)4Cy cation has a centrosymmetric 
quadniply-bridged structure (Fig. 2.6.9) with the apical positions occupied by chloro 
ligands as expected, constituting a new structural variety of the dimeric structure with 
neutral bridging and anionic apical ligands. The only two known examples of related 
complexes containing anionic apical ligands to date are (Me4N)2[Cu2(MeC02)4(NCS)2] and 
(Me4N)2[Cu2(HC02)4(NCS)J, both having SOST groups as apical ligands,® The notable 
feature in the present dimeric structure is the large Cu--Cu separation [2.795(3) A], a large 
displacement (0.279 A) of the metal atom from the basal plane of the square-pyramidal 
coordination, as well as a larger mean 0-Cu-Cl angle (98.1°), which are significantly 
longer or larger than those of 2.614(2), 0.20 A and 95.6° respectively, as found for 
[Cu2(MeC02)4(H20)2].*b On the other hand, these values are only slightly shorter or 
smaller than the corresponding values found for both [Cu2(Cl3CC02)4(caf)2] [2.852(1), 
0.32 A, and 99 .1T ' and [CwOFsCCOjUquiiOJ [2.886(4) A, 0.32 A and 9 9 t h e 
latter having the largest Cu…Cu distance among the quadruply-bridged dimeric structures 
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of the [Cu2(MeC02)4(H0)2] type. The mean Cu-0(basal) and C-O bond lengths of 1.987 
and 1.251 A, respectively, fall within the range of values previously reported for analogous 
complexes,^ ® and the mean O-C-O bond angle is 127.3(11)° being comparable to those of 
the bidentate bridging pyBET ligands found in the other complexes. 
The [CuCU^' anion has an unusual geometry: the metal atom and one of the chloro 
ligand [Cu-Cl = 2.271(7) A] are located on a triad axis, and together with the other three 
chloro ligands [Cu-Cl = 2.213(4) A], they constitute a T^ coordination tetrahedron with 
Cl-Cu-Cl angles within a remarkably small range of 109.0(1) to 110.0(1)° Although a 
large number of discrete [CuClJ^"^ species have been structurally characterized, the 
observed geometries range from square-planar to nearly tetrahedral with the two trans 
Cl-Cu-Cl angles {9) varying from 180° in the square-planar limit to the 109.5�in the 
tetrahedral limit, with the majority occurring in compressed tetrahedral geometries with 9 = 
130~140o/竹 Hitherto only one [CuClJ^" species has a lvalue close to 109.5�as found in 
[(Me3NH)3Cu2CL7]，"* where the discrete [CuClJ^" anion exhibits approximate C^y 
symmetry with Cu-Cl = 2.20(1)�2.30(1) A, Cl-Cu-Cl = 107.8(4)�110.7(4)�. The 
[CuClJ^" anion in complex 35 provides another rare example of the most idealized T^ 
polyhedron stabilized only by the lattice electrostatic interactions. 
Fig. 2 .6 .7 . Perspective view showing ^ the structures of the dimeric cation and anion in 35 and atom-numbering scheme. jT J 
Symmetry codes are given in Table 2.6.6 c(i6) ^r 
C丨(2W CO / M 
© ^ ©0(22) OC(22) f 
- \ a 2 3 )介— 
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Fig. 2 .6 .8 . Molecular packing in 
[Cu2(pyBET)4Cy3(CuCl4)2Cl2 (35) 内 ^ 
0 Y 
VI. Structure of [Cu2(pyBET)4(H20)2](N03)4.2H2O (36) 
Crystal data: QgHagNgCuxOM, FW = 995.80，triclinic, space group PI (No. 2), a = 
12.132(1)，b = 12.363(2), c = 16.045(2) A, a = 69.27(1), p = 69.74(1), y = 62.504(8)° 
V = 1947.4(5)人3，Z=1,D^= 1.482 gcm-3，d, = 1.490 gcm-3, jx == 11.8cm-i. 
Complex 36 is composed of two crystallographically independent but very similar 
dimeric [Cu2(pyBET)4(H20)2r+ cations, nitrate anions, and lattice water molecules. Where-
as the centrosymmetric dimer (Fig. 2.6.9) is also constructed from quadruple carboxylato 
bridges of the syn-syn mode as found in complex 35, the apical ligands are now replaced 
by aqua ligands as in the case of [Cu2(MeC02)4(H20)2].* The most remarkable change in 
the dimeric structure is the significantly shorter (by 
0.124 A) Cu".Cu 
separation or 
2.671(1) A, concomitant with a smaller Cu-basal plane distance of 0.212 A and a smaller 
mean O-Cu-L angle of 96.2° in comparison to those in complex 35. On the other hand, 
these values are still larger than the those of 2.614(2), 0.19 A and 95.6°, respectively, in 
[Cu2(MeCD2)4(H20)J. It is also noteworthy that the Cu…Cu distance in the present cation 
is markedly larger than the largest one [2.624(7) A] as found in [Cu2(2-BrC6H4C02)4-
(HzO)」”，among the reported dimeric structures containing aqua ligands. The O-C-O 
angles [mean 127.6(6)，have values similar to those in complex 35, and the other changes 
in the dimeric structure are trivial as compared to those in 35. 
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Fig. 2 .6 .9. Perspective view c(24) • showing the structure of the c{25) n(2) dimeric cation in 3 6 and atom- 汽 numbering scheme. Symmetry ^'^^UiST^�(22) 9 ^ S q C T 
codes are given in Table 2.6.7 
0(12) 
CI16) CI17) 0^22a) 
% C ( 1 2 ) ^ ^ ^ 
C(14) CI13) 
Table 2.6.6. Selected bond length and angles for complex 36 Symmetric codes: d) l-jc, 1-y, -z; b) 1-x, l-y, ,1-z. 
Cu(l)-0(lw) 2.165(3) Cu(l>-0(11) 1.970(3) 
Cu(l)-0(21) 1.958(5) Cu(l)...Cu(lfl) 2.673(1) 
Cu(l)-0(12fl) 1 . 9 6 3 � Cu(l)-0(22fl) 1 . 9 6 9 � 
Cu(2>-0(2w) 2.192(3) Cu(2>-0(31) 1.978(3) 
Cu(2)-0(42) 1 . 9 5 5 � Cu(2)…Cu(2fl) 2.669(1) 
Cu(2)-0(32fl) 1.979(3) Cu(2)-0(41^) 1 . 9 7 5 � 
C(ll)-0(11) 1 . 2 5 3 � C(ll)"0(12) 1.255(5) 
C(21)-0(21) 1.250(7) C(21>-0(22) 1.255(5) 
C(31)-0(31) 1.262(6) C(31>-0(32) 1.256(5) 
C(41)-0(41) 1.249(7) C(41)-0(42) 1.263(5) 
0(lw)-Cu(l)-0(ll) 96.3(1) 0(lw>-€u(l)-0(21) 87.0(1) 
0(lw)--Cu(l)-0(12a) 95.9(1) 0(lw>-Cu(l>-0(22fl) 105.5(1) 
O(ll)-Cu(l)-O(21) 90.9(2) 0(21>-Cu(l)-0(12^) 88.3(2) 
0(ll)-Cu(l)-0(22fl) 89.0(1) 0(12a)-Cu(l)-0(22fl) 89.1(2) 
0(llH:u(l>-0(12fl) 167.6(1) 0(21H:u(l)-0(22fl) 167.4(1) 
Cu(l)-0(11)-C(ll) 124.3(3) Cu(la)-0(12)-C(ll) 120.1 � 
Cu(l)-0(21)-C(21) 125.8(3) Cu(lfl)-0(22)-C(21) 119.2(3) 
0(2w)-Cu(2)-0(31) 103.2(1) 0(2w)-Cu(2>-0(42) 99.1(2) 
0(2wK:u(2H)(32fl) 89.1(1) 0(2w)-Cu(2HX41^) 93.5(2) 
0(31)-Cu(2HX42) 88.2(1) 0(42)-Cu(2)-0(32^) 90.0(1) 
0(31)-Cu(2)-0(416) 88.8(1) O(32b)-Cu(2)-Oi4lb) 90.3(2) 
0(31H:U(2)-0(32^) 167.8(1) 0(42)-Cu(2)-0(416) 167.4(1) 
Cu(2H)(31)-C(31) 117.3 � CU(2^HX32H:(31) 128.3(3) 
Cu(2)-0(42)-C(41) 124.7(3) Cu(26)-0(41)-C(41) 120.2(3) 
O(ll)-C(ll)-O(12) 127.8(4) 0(21)-C(21)-0(22) 127.5(6) 
0(31)-C(31)-0(32) 126.6(5) 0(21>-C(21)-0(22) 127.3(4) 
Hydrogen bonding 
0(lw)…0(3w) 2.704(6) O � … 0 ( l w ) 2.788(5) 
0(05)-0(2w) 2.866(6) 0(2w)…0(4w) 2.866(6) 
0(3)…0(lw)…0(3w) 94.2(4) 0(05)…0(3w)…0(lw) 115.9(5) 
0(l)".0(4w)…0(2w) 132.0(5) 
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Hydrogen bonding plays a significant role in consolidating the crystal structure of 36. 
The aqua ligands and nitrate anions form donor and acceptor hydrogen bonds, respectively, 
with the lattice water molecules. The relevant structural parameters are listed in Table 2.6.7. 
VII. Structure of [Cii2(ppBET)4(H20)2](a04)4.4H20 (37) 
Crystal data: C32H48N4CU2CI4O30, FW = 1141.72，triclinic, space group PI (No. 2), a = 
8.9165(9), b = 11.705(2), c = 12.804(2) A, a = 89.73(2), p = 87.96(2), y = 81.22(2)° V 
=4297(2) M Z = 1, = 1.615 gcm:3, D, = 1.607 gcm-3, ^ = 11.4cm-i. 
Table 2.6.7. Selected bond length and angles for complex 37 
Symmetric codes: a) -x, -y, -z; b) l-y, z. 
Cu(l>-0(lw) 2.159(4) Cu(l)-0(11) 1.962(4) Cu(l)-0(21) 1.986(4) Cu(l)-Cu(lfl) 2.602(1) Cu(l)-0(12a) 1.981 � Cu(l)-0(22a) 1 .958� 
C(llHXll) 1.258(6) C(ll)-0(12) 1.243(6) 
C(21H)(21) 1.238(6) C(21)-0(22) 1.252(6) 0(lw)-Cu(l)-0(ll) 97.3(1) 0(lw)-Cu(l)-0(21) 93.2(2) 0(lw)-Cu(l)-0(12«) 93.5(1) 0(lw)-Cu(l)-0(22fl) 97.9(2) O(ll)-Cu(l)-O(21) 90.0(2) 0(21)-Cu(l)-0(12fl) 89.5(2) O(ll)^u(l>-O(22a) 89.0(2) 0(12fl)-€u(l>-0(22a) 89.4(2) 0(llH:u(lHX12a) 169.2(1) O(21)-Cu(l)-O(22fl) 168.9(1) 
Cu(l)-0(11>-C(ll) 120.7(3) Cu(lfl)-0(12)-C(ll) 123.7(3) Cu(l)-0(21>-C(21) 121.4(3) Cu(la)-0(22)-C(21) 123.5(3) 
0(11)-C(11)-0(12) 126.3(5) 0(21>-C(21>-0(22) 1 2 6 . 1 � Hydrogen bonding 
0(lw)…0(2w) 2.763(7) 0(3w6)…0(lw) 2.809(7) 
0(3w)-..-0(2w) 2.735(7) 
0(2w)…0(lw)..0(2w/?) 95.9(5) 0(3w)…0(2w)…0(lw) 131.0(5) 0(lw/?). • •0(2w)- • .0(3w) 119.2(5) 
As in the case of complex 36，complex 37 is also composed of quadruply-bridged 
[Cu2(pyBET)4(H20)2]“ cationic dimer with apical aqua ligands (Fig. 2.6.10), perchlorate 
anions, and lattice water molecules. The notable feature in the centrosymmetric dimer in 
complex 37 is the shortest Cu…Cu separation of 2.602(1) A, together with the smallest 
Cu-basal plane distance of 0.188 A and the mean 0-Cu-Cl angle of 95.5°, among the three 
dimeric copper(II) complexes of betaine ligands, approaching the set of parameters in 
[Cu2(MeC02)4(H20)2]. It is also worthy of note that the Cu…Cu separation in complex 37 
only exceeds the shortest one [2.578(1) A] found in an unusual complex [CuzCMe^PhSi-
COiUHp)」”，among the dimeric copper(n) carboxylates containing apical aqua ligands. 
In complex 37 the apical Cu-0, the mean basal Cu-O, and C - 0 distances are 2.158(4), 
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1.972 and 1.248 人，respectively, agree with those in both complexes 35 and 36，while the 
O-C-O angle at 126.2(2)° being comparable to those in other complexes of bridging 
ppBET ligands, is slightly smaller than those of complex 35 and 36. This may be 
attributed to the fact that with one more methylene group as a spacer between the positively-
charged nitrogen atom and the carboxylate group as compared to the pyBET ligand, the 
inductive effect on the carboxylate group of ppBET decreases (c/. section 2.1). 
As in the case of complex 36，each aqua ligand in complex 37 forms donor hydrogen 
bonds with the lattice water molecules, and the perchlorate anions are not involved in 
hydrogen bonding. The hydrogen bonding parameters are given in Table 2.6.7. 
Fig. 2.6.10. Perspective view showing c(26i the structure of the duneric cation in 37 c(24) d 1 and atom-numbering scheme. Symmetry V \ \ 力 c(27) 
H . Nd) Y ? C(17) 
91 
2.6.1. Discussion on the Copper(n) Complexes 
I. Eight-Coordinate Copper(ll) Complexes 
As neutral ligands, betaine ligands can easily form tetrakis-chelated carboxylato 
copper(II) complexes. This work, as well as other previous studies have shown that the 
tetrakis(carboxylato)copper(II) complexes can exhibit several different eight-coordinate 
modes with four short Cu-0 bonds of lengths 1.92-1.99 A and four long Cu-O bonds of 
lengths 2.71-3.09 入.The coordination sphere about these tetrakis(carboxylato)copper(ll) 
cores can attain idealized D2/1，Q, and approximate C^ site symmetries. The relevant 
structural parameters for the known eight-coordinate tetrakis(carboxylato)copper(ll) com-
plexes are listed in Table 2.6.8. As can be seen from this table, the stronger the long Cu-0 
bond, the smaller the corresponding Cu-O-C angle associated with the strong Cu-0 bond, 
concomitant with a lengthening of the strong Cu-O bond and the decrease of the O-C-O 
angle. This relation holds well for the tetrakis(BET)copper(II) species. 
Table 2 .6 .8 . Selected structural parameters of known eight-coordinate tetrakis(carboxylato)copper(II) cores 
Chromophore Cu-0 Cu-0' Cu-O-C O-C-O Ref. Species & site symmetry (short) (long) 
[Cu(MeC02)4]^  040-4, 54 1.969(1) 2.788(2) 112.6(2) 122.0(2) 167,168 
[Cu(pht)4]& (940-4, C2 1.922(9) 2.792(8) 1 1 0 . 5 � 124.9(9) 172 
1.965(9) 3.072(8) 119.6(3) 125.0(9) 
[Cu(pht)4]& Ci 1.942(3) 2.770(4) 111.2(2) 122.8(5) 172 
1.955(3) 3 . 0 3 3 � 119.2(2) 125.1(5) 
[Cu(aha)J2+ O^O'^, S凑 1.93(1) 2.88(1) 170 
[Cu(BET)4]2+ (33) 040,4，£>2^ ^ 1 . 9 4 8 � 2.833(4) 112.1(4) 125.6(5) * 
[Cu(ppBET)4]2+ (34) O^Ou, C； 1.991(4) 2.839(4) 120.4(2) 124.1(5) • 
1.927(3) 3.088(4) 114.6(4) 127.0(4) 
[ C U ( B E T ) 4 ] 2 + ( 3 8 ) 0 4 0 - 4 , D2H 1 . 9 7 0 ( 4 ) 2 . 7 0 6 ( 5 ) 1 0 6 . 1 � 1 2 5 . 6 ( 7 ) * 
[Cu(BET)4]2+ (39) O^ O'^ O -, C, 1.994(4) 2.582(4) 1 0 2 . 8 � 123.8(6) * 
1.938(4) 2.895(4) 114.6(4) 125.4(4) 
1.965(4) 2.945(4) 113.8(4) 127.3(4) 
1.946(4) 2.872(4) 113.0(4) 126.6(4) 
* this work. 
92 
n . The [CuCyz- geometry 
In complex 35 the large counterions [Cu2(pyBET)4ClJ '^^  are arranged about a triad axis 
in the crystal, resulting in a channel of free diameter ca, 7.8 A that accommodates the 
[CuClJ^- anions as illustrated in Fig. 2.6.9. Since high symmetry stereochemistries 
represent maxima in the potential energy surface of the C _ atom尸，the idealized T^ 
geometry of the [CuClJ^" anion would be in violation of the Jahn-Teller theorem. Never-
theless, the structural analysis indicates slightly different Cu-Cl bond lengths and, more 
importantly, significantly large thermal parameters [U^ = 0.078(2), 0.106(3) A^ for Cl(2) 
and Cl(3), respectively; cf. 0.036 A^ for Cl(l) in the same structure] for the chloro ligands 
in the [CuClJ^' anion of complex 35. Therefore, its approximately tetrahedral geometry 
likely arises from a combination of orientational disorder^ ，，肌d geometric constraint 
III. The Cu . Cu Distance Variation in the Dimeric Coppei(n) Carboxylates 
Based on the assumption of weak bonding between the two copper(ll) atoms in the 
dimeric structure of the [Cu2(MeC02)4(H20)J type, as well as thirteen examples of dimeric 
[Cu2(MeC02)4L2] species with varied L ligands, the apical bonding strength, as reflected by 
the donating ability of the L ligand, has been proposed as a major factor affecting the 
Cu…Cu "bond distance，？ Although this deduction is in accord with the trend of Cu…Cu 
distance variation when using the same bridging ligands and varied L ligands, it cannot 
account for some important observations. For example, magnetic studies indicate that a 
super-exchange is predominant rather than a direct coupling of the two Cu(ll) atoms, and 
recent theoretic studies'^  show that the Cu(n) atoms do not partake in metal-metal bonding; 
although the L ligand remains unchanged, different bridging ligands can result in very 
significant variation of the Cu…Cu distance, for example, the [CuzCMeCOaMquiiOJ 
complex"' has a significantly shorter Cu—Cu separation [2.652(2) A ] than that [2.886(2) 
A] of the [Cu2(F3CC02)4(quin)2] complex," and a similar change occurs in complexes 36 
and 37. 
A survey by Melnik based on the structural data of 43 dimeric copper® carboxylates 
shows that in general the Cu…Cu distance increases when the acid strength increases, and 
at the same time there is a displacement of the metal atom from the basal plane of its square-
planar coordination environment." On the other hand, the basal Cu-O bond, Cu-O-C 
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angle and Cu-O-C-O-Cu bridging length are almost constant throughout the series at ca. 
1.97, 124° 6.43 A, respectively. The most important point is that a direct relation exists 
between the Cu…Cu separation and the Cu-basal plane distance, but no clear picture has yet 
been emerged to account for the relationship.^ ® 
It is noteworthy that the two examples, viz. [Cu2(MeC02)4(pyrazine)2] at 298 K and 
100 excluded in the above correlation may not be real exceptions, but likely due to an 
erroneous calculation of the Cu-basal plane distances in the original literature. We have 
verified that these two structures indeed follow the general correlation,"^ just like the 
structures presented in this work. 
Geometrically, the Cu-"Cu distance in the dimeric structure depends on two factors: 1) 
the distance of the O…O “bite”，which is dictated by the O-C-O angle and the C-0 bond 
lengths; 2) the displacement of the metal atom from the basal plane of the CUO4L moiety, 
which is governed by the Cu-0(basal) bond lengths and the 0-Cu-L angles. Apparently the 
relationship between the Cu-basal distance and the Cu…Cu separation means the opening 
of the O-C-O angle or the separation of the two basal planes of the CUO4L moieties has no 
significant effect on the Cu…Cu distance. In other words, the Cu-0(basal) bond lengths 
and especially the 0-Cu-L angles should be very important in determining the Cu…Cu 
distance. On the other hand, it is observed in this work that with the same L ligands (water 
molecules), the Cu -Cu separation and the Cu-basal plane distance in complex 36 is 
markedly larger than those of complex 37, implying that the carboxylato groups should 
have some important effect on the Cu."Cu separation, since the irmn difference between 
the pyBET and ppBET ligands is that the former has a larger O-C-O angle which results 
from the stronger inductive effect of the positively-charged nitrogen atom on the COO' 
group of the pyBET ligand as compared to that of the ppBET ligand (cf. Section 2.1). The 
larger O-C-O angle may optimize the orientation of the sp文 orbital of the carboxylato 
oxygen in coordination to the Cu(n) atom, thus enhancing the basal Cu-O bond strength al-
though the mean bond lengths are similar. Consequently the mutual repulsion between the 
Cu-L and Cu-0 bonds increases, resulting in the lengthened Cu-L bond and enlarged 
0-Cu-L angles. An extreme case of the enlarged distortion of the square-pyramidal poly-
hedral coordination about Cu(n) atom by a stronger donating chloro ligand at the basal posi-
tion has been observed in complex 32, which has a CuCrOaCl chromophore (CI denotes 
the apical and CI, basal chloro ligands) with the Cu-basal plane distance at 0.272 A, mean 
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0(Cr)-Cu-Cl at ca. 97.6�, Cu-Cl 2.469(1)，Cu-Cr 2.266(1)，Cu-0 1.978(2)�2.000(3) 
A. The Cu-Cl and Cu-O bonds are slightly longer than the corresponding bonds in both 
36 and 37, which may be ascribed to the participation of another chloro ligand in the basal 
plane. It is noteworthy that the Cr-Cu-Cl angle at 104.1(1)�in 32 is remarkably larger 
than the Cl-Cu-O angles ranging from 89.3(1) to 97.5(1)°, demonstrating clearly that the 
0(Cr)-Cu-Cl angles are dictated by the mutual repulsion between the apical and basal 
metal-ligand bonds. 
Obviously the increase of the mean 0-Cu-L angle results in a larger displacement of the 
C _ atom from the basal planes, as the Cu-0(basal) bond lengths are not significantly 
varied. Conversely, the enhanced strength of the Cu-L bond will increase the 0-Cu-L 
angles and/or lengthen the Cu-0(basal) bonds. Therefore the displacement of the metal 
atom from the basal plane of CUO4L chromophore may be determined by the relative 
strength of the Cu-O and Cu-L bonds. This deduction can clearly account for the 
significant increase of the Cu.“Cu distance with the replacement of the apical aqua ligands 
in complex 36 by chloro ligands in complex 35，as well as the replacement of the bridging 
ppBET ligands in complex 37 by pyBET in complex 36. The chlorine atom is much larger 
and more electronegative, thus a stronger repulsion between it and the basal oxygen atoms 
results in a significantly larger Cu-basal plane distance. While noting that the aqua ligands 
in both complexes 36 and 37 are similarly involved in hydrogen bonding, the presence of 
one more methylene group between the positively-charged atom and the COO" group in 37 
reduces the positive inductive effect on the COO" group, resulting in a smaller mean 
0 - € - 0 angle, concomitant with a smaller mean 0-Cu-L angle as compared to those in 36. 
Similar geometric changes have been observed for L = quin, R = F3C [mean O-C-O = 
129.30, Cu-Cu = 2.886(2) A]" replaced by Me [mean O-C-O = 125.4。，Cu...Cu = 
2 . 6 5 2 � A],"�and for L = SOST, R = H [mean O-C-O = 128.4�, Cu…Cu = 2.716(2) A] 
replaced by Me [mean O-C-O = 126.2。，Cu."Cu = 2.643(3) A] / " Furthermore, the 
deduction also accounts for the fact that the stronger acid ligands in general lead to larger 
Cu…Cu distances, owing to the fact that stronger acid ligands have larger O-C-O bond 
angles. In conclusion, the Cu…Cu separation may be dictated by the mutual electronic 
repulsion between the Cu-O and Cu-L bonds, and the O-C-O bond angle of the bridging 
carboxylato group may play an important role in determination of the Cu…Cu distance. 
On the other hand, it should also be noted that the steric requirement of the apical ligand 
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may have an important effect on the geometry of the dimeric copper® carboxylates, for the 
larger cyclic nitrogen-donor apical ligands usually correspond to larger Cu…Cu distances. 
For example, the complex with R = CICH^ and L = 2-pic has a Cu…Cu separation of 
2 . 7 4 7 � A and a Cu-basal plane distance of 0.26 These values are 2.685(2) and 
0.228 A, respectively for R = CICH^ and L = 3-pic,…and 2.643(2)，0.208 A, respective-
ly，for R = CICH2 and L = urea/" The Cu…Cu distance variation is in accord with the 
steric demanding trend of the L ligands. This fact may be attributed to that the greater steric 
demanding for the bulky L ligands and/or the bulky bridging ligands will hinder any close 
approach of the L ligand to forni a relatively shorter Cu...Cu distance. Alternatively, the 
metal atom will "move" towards the apical ligand to forni a relatively stable 5-coordination 
polyhedron, resulting in a larger Cu-basal plane distance and a larger mean 0-€u-L angle. 
This conclusion also follows several important observations, two of which are the 
following. 1) The very close contacts between the atoms of the bridging ligands and those 
of the apical ligands are commonly observed for the unusual large Cu…Cu separations. 
For example, very close 0...H contacts at ca, 2.5 A between the carboxylato oxygen and 
the hydrogen atoms of the quinoUne ligand are found in [Cu2(F3CC02)4(quin)J，and C1."0 
contacts at ca. 3.25 A in [CuzCClsCCAWZ-Cl-py)^]，which are comparable to the sums 
of the van der Waals radii of an oxygen atom and hydrogen atom, and of an oxygen atom 
and a chlorine atom, at 2.6 and 3.2 A, respectively."^ Similarly, very close CI…C(methyl) 
contacts between the methyl group of the caffeine ligands (L) and the chlorine atoms of the 
carboxylato group at 3.95 A, being comparable to the sum of van der Waals radii of a 
methyl group and a chlorine atom at 3.8 A, was found in [CuzCClsCCO^WcaOJ.”^ 2) It 
should also be noted that in two extreme cases recently reported, with two very bulky cycHc 
nitroxyl compounds, viz, tempo and proxyl, as terminal ligands, copper(ll) trichloioacetate 
forms two veiy unusual dimeric adducts [CuzWCO^Wtempo)�and ^ C l s C C O ^ V 
(proxyl)J in which a pair of metal atoms are both in distorted trigonal-bipyramidal 
environments, being qualitatively different from the usual square-pyramidal configuration 
in the dimeric structure, and quadruply bridged by carboxylato-(9,(9' groups in the syn-syn 
mode with uncommonly large Cu".Cu separations of 3.256(2) and 3.179(2) A, 
respectively，These phenomena have been attributed to the obvious steric interaction 
between the methyl groups of the nitroxyl ligands and the carboxylato oxygen atoms, as 
evidenced by many close contacts at 3.2-3.9 A between them, which are comparable to the 
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sum of the van der Waals radii (3.4 A) of a methyl group and an oxygen atom尸，These 
observations show the flexibility of the quadruple carboxylato-(9,<9' bridges, but with more 
significance, confirm that the intramolecular steric interaction plays an important role in 
governing the distortion and the Cu -Cu distance of the dimeric structure in the case of 
steric bulky ligands. 
In short, the Cu…Cu distance variation in the dimeric copper(II) carboxylates may be 
generally correlated to the mutual electronic repulsion between the metal-ligand bonds, as 
well as to the steric interaction between the bulky apical ligand and the bridging carboxylato 
ligands in the case of bulky ligands. 
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2.7. Mixed-metal complexes 
As has been shown in the previous section, betaine ligands can be used in the prepar-
ation of eight-coordinate copper® complexes. Considering the possibility that the tetrakis-
(carboxylato-Ti-0,0 OcopperCD) core can further coordinate to other group lA and group IIA 
metal ions, subsquent work has been conducted in the preparation and structural character-
ization of mixed-metal complexes with the hope of obtaining new structural varieties. 
Although mixed Cu(n)-M complexes [M = NaQ, Mg(n)，and Zn(n)] cannot be obtained by 
reacting complex 33 with the corresponding nitrate salts, repeated attempts have resulted in 
the successful attachment of two kinds of metal ions, namely Ca(n) and Li(0，to the tetrakis-
(carboxylato-n-O^O ')copper(ll) core, giving rise to two mixed-metal complexes. As expect-
ed the mixed Cu(II)-Li(I) complex has a polymeric structure similar to that of the first mixed 
Cu(II)-Ca(lI) complex [{CaCu(MeC02)4(Hp)2} J.A/iHzO/仏…featuring an infinite linear 
chain in which each pair of adjacent Cu(n) and Li(l) atoms are doubly bridged by a pair of 
BET ligands. In contrast, the mixed Cu(n)-Ca(n) complex synthesized in this work is com-
posed of discrete [{CaCNOsWHp)}�'- dimeric anions and heterodinuclear [CaCu(BET)4-
(N03)2(H20)]'^  cations in which the Cu(ll) atoms are bridged by an unusual tris(carboxy-
lato-!J.-0,(9')-bridge. In this section, the results are described and discussed. 
2.7.1. Structure of [{LiCu(BET)4} J(C104)3” (38) 
Crystal data: C2oH44N4CuLiCl302o, FW = 837.51, tetragonal, space group P42m (No. 
I l l ) , a = 12.099(3), c = 6.2300(7) A, V = 911.8(4) A', Z = 1, = 1.520 gcm-3, D , = 
1.525 gcm-3, ^ = 8 .78 cm-i. 
Table 2.7.1. Selected bond length and angles for complex 38 Symmetric codes: a) -JC, y, -z; b) -x’ -y, z; c) x, -y, -z; 由 jc, -y, -1-z; e) -X, y, -l-z；/) -0.5-jc, O.S-y, z. 
Cu(l>-0(1) 1.970(4) Cu(l)-0(2) 2.706(5) 
Li(l)-0(2) 1.902(5) C(LHXL) 1.280(10) 
C(l)^(2) 1.228(9) 0(l)-Cu(l)-0(la) 90.1(2) 
0(1>-Cu(l>-0(1^) 177.0(4) 0(l)-Cu(l)-0(2) 54.2(5) 
0(2>-Li(l>-0(2^ 1 0 4 . 9 ( 2 ) 0(2)-Li(l)-0(2/>) 119.1 � 
Cu(l)-0(1>-C(l) 106.1 � Li(lHX2H:(l) 156.8 � 
0(1HX1HX2) 125.6(7) 
98 
Fig. 2 .7 .1 . Perspective view showing X rs 
the coordination environment about the metal atoms in 38 and atom-numbering Q Q n r " ""^^ 
scheme. Symmeuy codes are given in ^ ^ S - i T O 
Table 2.7.1. � (^^^^^ 
J h ^ ^ ^ ^ ^ 0(2) c⑷） 
C(4) 
C(3)0 
The crystal structure of complex 38 is composed of a linear array of alternate Cu(n) and 
Li(D atoms bridged pairwise by the BET ligands, as illustrated in Fig. 2.7.1. As in the case 
of complex 33, the C _ atom, occupying Wyckoff position 1 � of site symmetry 42m 
is coordinated by four carboxylato groups of the BET ligands with four short Cu-O 
bonds [Cu-O = 1.970(4) A] in an idealized square-planar fashion, the most distorted angle 
being 0(1)-Cu(l)-0(1^) at 1 7 7 . 0 � � . T h e coordination sphere of the Cu(n) atom is com-
pleted by the remaining four carboxy 0(2) atoms at much longer contacts of Cu(l)-0(2) 二 
2 . 7 0 6 � A. The BET ligands, as located at Wyckoff positions 4(«) of symmetry m, coor-
dinate the copperdD atom in an alternatively up/down fashion; thus the coordination geo-
metry about the copper(n) atom can be considered to attain a (4+4” distorted-dodecahedral 
.stereochemistry. Analogous stereochemistry has been found in complex 33 and 
[{CaCu(MeC0,)4(H,0),)J-4nH,0/-'-« It is worthy of note that the long Cu-0 bond 
distance in complex 38 is significantly shorter than all other related complexes possessing 
analogous eight-coordinate tetrakis(carboxylato)copperaD units. 
The long-bonded 0(2) atoms of the carboxylato groups further coordinate to the Li(I) 
ions, resulting in a cationic one-dimensional polymeric structure similar to that in 
[{CaCu(MeC0,)4(H,0),}J4nHp/-'-« As depicted in Fig. 2.7.1，two pairs of the long-
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bonded oxygen atoms of the /ra似-related carboxylato groups from adjacent [CuCBETOJ^ "^  
cores chelate to a LiQ ion located at Wyckoff position 1(c) of symmetry 42m, resulting in a 
tetrahedral coordination environment about the Li(I) atom with Li-0 = 1.902(5)入 and 
O-Li-0 = 104.9(2)~119.1(3)o. The Li-O distance is significantly shorter than the mean 
value (1.957 入)for the tetrahedral lithium® carboxylates.…The coordination geometry of 
the [CU(BET)4]2+ core in the present cationic chain is similar to that of the discrete 
[Cu(BET)4p+ ion in complex 33’ and hence the polymeric structure can be considered 
primarily as an assembly of alternate discrete [Cu(BET)4]" cations and Li(l) ions with a 
non-bonded Cu(ll)…Li(l) spacing of 3.116(1)人.The main difference between the 
[CU(BET)4]'^  core in the present cationic polymer and the discrete [Cu(BET)4]2+ in complex 
33 is that the former has much shorter long Cu-O bonds, concomitant with significantly 
smaller Cu-O-C angle, as compared in Table 2.6.8. 
2.7.1. Structure of [CaCu(BET)4(N03)2(H20)2]2[{Ca(N03)4(H20)}2] (39) 
Crystal data: FW = 1734.32，monoclinic, space group P2^ln 
(No. 14), a 二 12.105(3)，b = 22.791(9), c = 12.571(3) A, p = 90.63(2)。，V = 4 2 9 7 � M 
Z = 2，Dm = 1.572 gcm-3, d, 二 1.577 gcm-3, ^ = 8.40 c m � 
Complex 39 is composed of discrete heterodinuclear [CaCu(BET)4(N03)2(H20)]2+ 
cations and dimeric [{Ca(N03)4(H20)) J'" anions in a 2:1 molar ratio. In the heterodi-
nuclear cation (Fig. 2.7.2(a)), the Cu(II) atom is coordinated by four BET ligands with four 
short Cu-O(carboxy) bonds in the range 1.938(4) to 1.994(4) A, and four long Cu-0(carboxy) 
bonds ranging from 2.582(4) to 2.945(4) A; and this Cu® atom, i.e. Cu(l), is linked to 
the Ca(l) atom by an unusual T-shaped tris(carboxylato^,0')-bridge at a non-bonded 
Cu…Ca intra-dimer separation of 3.610(2) A. The Ca-0(carboxy) bond lengths [2.374(5) 
~2.400(5) A] and the Ca-O-C bond angles [146.0(4)�155.7�®| are both compatible to 
those found for other calcium(n) carboxylates.…The coordination sphere about the Ca(l) 
atom is completed by four oxygen atoms from a pair of chelating nitrato ligands [Ca-O = 
2.474(6)~2.536(6) A], as well as one aqua ligand [Ca-O = 2 . 3 5 5 � A]. The three-up/one-
down arrangement of the carboxylato groups of the BET ligand gives rise to a very irregular 
eight-coordinate environment about the Cu(l) atom. The Ca(l) atom is in a distorted 




NGIl^^ C135I O 
0⑶ Cr \ ) C(24) 
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办 0(15) 
Fig. 2 .7 .2 . Perspective view showing the structures of heterodinuclear cation (a) and homonuclear dimeric anion (b)in39 and atom-numbering scheme. Some atoms 
in the cation have been omitted for clarity. Symmetry code: a) -x, -y, -z. 
It is noteworthy that such an irregular eight-coordinate geometry about the Cu(ll) atom 
has not been observed up to now. Meanwhile, the stereochemistry of the present hetero-
dinuclear cation differs remarkably from the only two known examples of mixed C _ _ 
CaOD complexes, namely [{CaCuCMeOWHp)�} „]风0,’…and [CaCu(2-ClQH4a 
CH2CO2)4(H2O)5].i90 In the acetate complex, the eight-coordinate copper(n) atom surround-
ed by four acetato groups in an alternate up/down arrangement is linked to the Ca(n) atom in 
the octahedral Ca04(0H2)2 moiety through a bis(carboxylato-0,(9 0-bridge, giving rise to a 
one-dimensional polymer. In the heterodinuclear molecule, the Cu(n) atom is linked to the 
Ca(n) atom by a tetrakis(carboxylato-0,6)' )-bridge, and the coordination number of the 
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Cu(n) atom is increased to nine by taking on an aqua ligand, while the coordination sphere 
about the Ca(n) atom is completed by four aqua ligands in a square-antiprismatic geometry. 
Thus the present hetercxiinuclear cation constitutes a new structural variety among mixed-
metal Cu(n)-Ca(n) dinuclear complexes. 
Table 2.7.2. Selected bond length and angles for complex 39 
Symmetric codes: d) 1-JC, y, -z. 
Cu(l)-0(11) 1 . 9 9 4 � Cu(lHX21) 1.938(4) Cu(l)-0(31) 1 . 9 6 5 � Cu(l)~0(41) 1.946(4) Cu(l)-0(12) 2.582(4) Cu(l>-0(42) 2.872(4) Cu(l)-0(32) 2.945(4) Cu(l)-0(22) 2.895(4) 
Ca(lHXlw) 2 . 3 5 5 � Ca(l)~0(l) 2.536(6) Ca(l)-0(2) 2.494(7) Ca(l)-0(4) 2.508(5) 
Ca(lHX5) 2.474(6) Ca(l)-0(22) 2 . 3 7 4 � Ca(2>-0(2w) 2.437(4) Ca(2)-0(7) 2.370(7) Ca(2>-0(13) 2.553(6) Ca(2)-0(14) 2.519(5) Ca(2)-(X16) 2.500(6) Ca(2HX17) 2.449(6) Ca(2)-0(23) 2.535(5) Ca(2)-0(23fl) 2.579(5) Ca(2)-0(24fl) 2.677(7) C(ll)-0(11) 1.285(8) 
C(LL)-0(12) 1.224(8) C(21K>(21) 1.271(8) 
C(21K)(22) 1.238(8) C(31)-0(31) 1.261(8) 
C(31)-0(32) 1.230(8) C(41>0(41) 1.263(8) 
C(41H)(42) 1.231(8) O(ll)-Cu(l)-O(21) 91.0(2) 0(ll)"Cu(lHX31) 87.2(2) 
0(31)-Cu(l)-0(21) 176.7(2) O(ll>-Cu(l)-O(41) 172.2(2) 
0(21)-€u(l)-0(41) 91.4(2) 0(41)-Cu(l)-0(31) 90.8(2) 
0(41)^u(l)-0(42) 50.8(2) 0(31>-Cu(l)-0(32) 4 8 . 2 � 
0(21)-Cu(l)-0(22) 50.3(2) 0(11H:U(1>-0(12) 56.1 � 
0(lw>-Ca(l)-0(l) 118.7(2) 0(4)-Ca(lH)(22) 156.7(2) 
0(lw)-Ca(l)-0(2) 73.8(2) 0(2>-Ca(lH)(l) 47.9(2) 
0(lw)-Ca(lH)(2) 73.8(2) 0(17)-Ca(2)-0(24a) 150.8 � 
0(13K:a(2H)(14) 49.6(2) Cu(l)-0(11)-C(ll) 102.8(4) 
Cu(lK)(21>-C(21) 114.6(4) Cu(l)-0(31)-C(31) 113.8(4) 
Cu(lH)(41)-C(41) 113.0(4) Ca(l)-0(22)-C(21) 151.0(4) 
Ca(lKK32HX31) 146.0(4) Ca(l)-0(42)-C(41) 155.7(4) 
0 ( 1 1 ) - C ( 1 1 ) - 0 ( 1 2 ) 1 2 3 . 5 ( 6 ) 0 ( 2 1 ) - C ( 2 1 ) - 0 ( 2 2 ) 1 2 5 . 4 ( 6 ) 
0(31)-C(31)-0(32) 127.3(6) 0(41)-C(41)-0(42) 126.6(6) 
Hydrogen bonding 
0(lw>-0(2w) 2.889(8) 0(9>..0(lw) 2.725(8) 
0(ll>-0(2w) 2.774(8) 0(2w>..0(14fl) 2.782(8) 
0(9>"0(lw)-0(2w) 101.2(7) 0(ll>-0(2w>-0(146) 100.1(7) 
0(14fl>.0(2w)…0(lw) 91.8(7) 
In the dimeric anion, the Ca(ll) has a remarkably different coordination environment in 
comparison to that in the cation. A pair of Ca(ll) atoms are linked by two nitrato 
bridges to form a centrosymmetric dimer, in which each Ca(n) atom is coordinated by three 
chelating nitrato groups, one unidentate nitrato group, one aqua ligand, as well as the 
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bridging oxygen atom from one nitrato ligand chelating to the other Ca® atom. Thus the 
nine-coordinate Ca(2) atom is in a distorted tricapped-trigonal prism. The Ca-0 bond 
lengths in the coordination sphere range from 2.370(7) to 2.677(7) A, and the bond angles 
from 49.6(2) to 155.7(4)° The aqua ligand in this dimeric anion forms an intra-dimer 
hydrogen bond [2.782(8) A] with a chelate nitrato ligand coordinated to the adjacent Ca(la) 
atom. In addition, the aqua ligands in both ions form three intermolecular hydrogen bonds, 
which play a significant role in consolidating the crystal structure. 
2.7.3. Discussion on the mixed-metal complexes 38 and 39 
The present study shows that the coordination geometry of the [Cu(BET)4]2+ core can be 
perturbed by the presence of Li(l) and Ca(n) ions. The perturbation can be slight, resulting 
in only minor changes of the structural parameters of the [Cu(BET)4]2+ core, as in the case 
of complex 38, or it can be very drastic, resulting in rearrangement of the carboxylato 
groups in the core, as in the case of complex 39. 
The perturbation of LiQ ions in complex 38 results in the shortest “long Cu-O bonds" 
in comparison to those found for all the other eight-coordinate copper(n) carboxylates, con-
comitant with significantly smaller Cu-O-C angle. These changes of the geometrical para-
meters can be attributed to the fact that the smaller Li(I) ion can form shorter Li-0 bonds, 
and approach much closer to the Cu(n) atom in the present cationic polymer as compared to 
the Ca(n) ion in the polymeric Cu(ll)-Ca(ll) complex，"，,…and therefore bend the long-
bonded oxygen atoms towards Cu(II) atom and decrease the Cu-O-C angle involving the 
short Cu-O bond, as the Li-O-C bond angle has a similar value as compared to those of 
the Ca-O-C bond angles in complex 39. This conclusion is also in accord with the fact 
that the inter-atomic distance [3.115(1) A] between a pair of adjacent Cu(ll) and Li® ions is 
markedly shorter than the corresponding values for the polymeric Cu(n>Ca(lI) complex 
[4.060(1) A]"' and the heterodinuclear cation in complex 39 [3.610(2)人]. 
Of more interest is the heterodinuclear cation in complex 39, which was prepared by 
adding Ca(N03)2 to an aqueous solution of [Cu(BET)4](N03)2 (33). The presence of the 
Ca(n) ion distinctly changes the arrangement of the four carboxylato groups coordinating to 
the Cu(n) atom, which may be ascribed to the fact that Ca(ll) ion has a strong tendency for 
seven- and eight-coordination,…’…hence leading to rearrangement of the carboxylato 
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groups in the coordination sphere of the dinuclear cation. With reference to the "carboxy-
late shift" mechanism proposed by Lippard and co-workers,^ ® we can assume a similar 
process to describe the geometric changes caused by the introduction of the calcium(n) ion 
into the neigborhood of the original eight-coordination system. As depicted in Fig. 2.7.3, 
the approach of the Ca(n) atom may weaken one of the short Cu-O bonds, and accordingly 
the corresponding long Cu-O becoming shorter. Finally, the previous shorter Cu-O bond 
now becomes a longer bond, while the previous long Cu-O bond of the same carboxylato 
group becomes a short bond, resulting in the three-upwards/one-downwards arrangement 
of the carboxylato ligands. 
/R R / / I 
9 = \ 9 � c , 入 
: / ^ ^ / z z , � � � ， Z \ 
ca Cu �Ca c / Ca 
Fig. 2.7.3. Schematic drawing of the proposed "carboxylate shift，，mechanism in the formation of the heterodinuclear cation in complex 3 9. 
104 
Chapter 3. Conclusions 
In this work, a series of betaine derivatives and their metal complexes have been 
successfully synthesized and characterized by single-crystal X-ray analysis. The results 
show that by virtue of their carboxylate groups, free betaines behave as bases and serve as 
very good proton acceptors, as seen from the fact that they all form protonated derivatives 
when isolated from acidic media. The positively-charged nitrogen atom has a significant 
inductive effect on the carboxylate group, resulting in slightly but significantly larger 
0 - € - 0 bond angles in BET, pyBET, and EtsBET ligands as compared to those of ppBET 
and prBET owing to the fact that the later two betaines have one more methylene group as a 
spacer between the nitrogen atom and the carboxylate group. In regard to coordination 
chemistry, betaines are versatile ligands similar to the common carboxylates. They can 
coordinate to a number of metal ions in a spectrum of hard metal ions such as Li(I) to soft 
metal ions such as Hg(ll). Taking their charge neutrality into account, betaine ligands are 
very useful in the preparation of soluble heavy metal complexes including those of silver® 
and mercury(n), in the preparation of metal complexes in varied metal-carboxylate molar 
ratios, and in the preparation of metal complexes in which the metal center bears additional 
anions. Therefore, as demonstrated in this work, betaines are very useful in the preparation 
of metal complexes of new structural varieties, in which they exhibit a number of common 
and uncommon coordination modes in comparison to the common carboxylate ligands. 
The structural characterization of the manganese(ll) and zinc(ll) complexes of betaines 
have revealed unusual skew coordination modes of the carboxylato group, including the 
skew unidentate, the jjn-skew and skew-skew carboxylato-ii-(9,0 ‘ bridging modes. It has 
also been found that there is a direct relationship between the extent of the skew coordin-
ation and the corresponding C-O bond length: concomitant with the increase of the skew 
extent of the coordination，the length of the C-O bond increases. This relationship holds 
well for all three kinds of skew coordination modes. 
Several new cadmium(ll) and mercury(II) complexes of betaines have been prepared. 
Among them the carboxylato group of betaine ligands can act in the bidentate chelate and a 
combination of chelate and ^i-1,1-0 bridging modes. This fact shows that although the 
O-C-O bond angle of betaines is comparatively large, betaine ligands can coordinate to 
metal atoms of large radii in such unusual ligation modes, especially in the absence of large 
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coordinating atoms. 
The extensive study on silver®-betaine complexes in this work has shown that al-
though discrete dimeric structures and step polymeric structures constructed by dimeric 
sub-units predominate among silver® carboxylates, other new varieties of the dimeric 
structures, especially two polymeric structures without dimeric units, have been establish-
ed. The silver® ion has a strong tendency for four-coordination involving two strong and 
two weak Ag-O bonds in silver® carboxylates. 
The charge neutrality of betaine ligands have been used in the synthesis of new dimeric 
copper® carboxylates containing both neutral and anionic ligands. It has been suggested 
that the variation of the Cu…Cu separation in such dimeric structures may be generally 
correlated to the mutual repulsion of the metal-ligand bonds via geometric distortion of the 
CUO4L chromophore in the dimeric structure, as well as to the steric interaction between the 
sterically bulky apical and bridging ligands in the case of bulky ligands. 
Betaine ligands are useful in the preparation of copper(n) complexes rich in carboxylate 
ligands, hence leading to the construction of some unusual eight-coordinate tetrakis-
(betaine)copper(n) complexes. It has been found that the distance of the long Cu-O contact 
in the [Cu(carboxylato)4] core is mainly dependent on the Cu-O-C bond angle and the 
Cu-0 bond length involving the corresponding short Cu-O bond. The introduction ofUQ) 
and Ca(n) ions to the coordination environment of the [Cu(BET)4广 core can result in 
geometric changes, even rearrangement of the four carboxylato groups. 
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Chapter 4. Experimental 
4.1. Preparation 
1. Preparation of betaine compounds 
Trimethylammonioacetate, trimethylammonioacetate monohydrate, trimethylainmonio-
acetate hydrochloride were purchased from Sigma, and triethylammonioacetate was suppli-
ed by Prof. Huang Wei-Yuan of Shanghai Institute of Organic Chemistry, Academia Sinica. 
1. Pyridinioacetate (pyridine betaine, pyBET) 
pyBET was prepared by a modification of the literature method." Chloroacetic acid 
(12.2 g, 0.10 mol) was dissolved in pyridine (100 mL) and the solution stirred at room 
temperature overnight. After removal of excess pyridine under reduced pressure at about 
60 尤，a slightly yellowish crystalline powder was obtained. For the removal of hydrogen 
chloride, two procedures were employed, (i) The powder was dissolved in methanol 
solution, and hydrogen chloride was neutralized with sodium bicarbonate. After sodium 
chloride was filtered off, pyBET was precipitated by slow addition of ether, (ii) The 
powder was dissolved in distilled water (15 mL), loaded on an "Amberlite" IRA-93 anion-
exchange (0H~ form) column (4.5 x 40 cm), and eluted with distilled water (300 mL). The 
elute was then evaporated to dryness under reduced pressure in a water-bath at ca. 65^ , 
giving a white crystalline product (11.6 g, 85% yield). 
Due to difficulty in separating the sodium salt from pyBET zwitterion, the final product 
obtained by the addition of sodium bicarbonate is much less pure than from the ion-
exchange column. Thus the latter neutralization method is preferrable. 
iH NMR data (D^O, SiMe4 as internal standard): 5 5.31 (2H, t, CH2CO), 8.10 (2H, t, 
m-H-py), 8.60 (IH, t, /7-H-py), 8.79 (2H, d, o-H-py). IR data (KBr): 3292s, 3256s, 
3090s, 3063s, 1634s, 1592vs, 1500m, 1489s, 1391s, 984m, 780m, 729m, 682s, 607m, 
and 648m cm]. 
2. Pyridiniopropionate (ppBET): 
3-Bromopropionic acid (12.2 g, 0.10 mol) was dissolved in pyridine (100 mL) and 
stirred at room temperature overnight. After removal of excess pyridine under reduced 
pressure at about 60 V，a yellowish crystalline powder was obtained, which was dissolved 
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in distilled water (15 mL), loaded on an "Amberlite" IRA-93 anion-exchange (OH" form) 
column (4.5 x 40 cm), and eluted with distilled water (350 mL). The elute was then 
evaporated to a yellowish syrup (ca. 15 mL) under reduced pressure in a water-bath at CCL 
7(yC. Trituration with a small quantity of ethanol and acetone afforded a white crystalline 
product (11.0 g, 91%), which is very hygroscopic. ^H NMR data (methanoL^ ^，SiMe4 as 
internal standard): 6 2.85 (2H, t, CH2CO), 4.81 (2H, t, NCiy , 8.07 (2H, t, m-H-py), 
8.55 (IH, t, ;7-H-py), 9.02 (2H, d, o-K-py). IR data (KBr): 3292s, 3256s, 3090s, 3063s, 
1634s, 1592vs, 1500m, 1489s, 1391s, 984m, 780m, 729m, 682s, and 648m c m � 
3. Trimethylammoniopropionate (prBET) 
3-Bromopropionic acid (12.2 g, 0.10 mol) was dissolved in aqueous trimethylamine 
(100 mL, 40%) and stirred at room temperature overnight. After evaporation of the 
resulting solution under reduced pressure at about 70 尤，the yellowish powdery residue 
obtained was dissolved in distilled water (20 mL), which was passed through an 
"Amberlite" IRA-93 anion-exchange (0H" form) column (4.5 x 42 cm) and eluted with 
distilled water (350 mL). The elute was then evaporated to a yellowish syrup (CCL 15 mL) 
under reduced pressure in a water-bath below 70^, giving a white powdery product (9.2 
g, 88%), which is very hygroscopic. ^H NMR data (methanol-flf4, SiMe4 as internal 
standard): 5 2.26 (2H, t, CH^CO), 3.12 (9H, s, 3CH3), 3.47 (2H, t, NCH^). IR data 
(cm-i): 3423VS, 3030s, 3010s, 1620s, 1602vs, 1483s, 1390s, 1300w, 1251w, 984m, 
955m, 927m, and 700s(br). 
4. Bis(pyridine betaine) hydrochloride monohydrate (1) 
Chloroacetic acid (10.0 g, 0.08 mol) was dissolved in pyridine (40 mL) and the 
solution stirred at room temperature overnight. The resulting white precipitate was collected 
by filtration, washed with ether, and then recrystallized from methanol (30 mL) by 
dropwise addition of ether. The yield was 10.1 g (58 %). Colorless crystals suitable for 
X-ray work were recrystallized from distilled water. IR data (cnri): 3085m, 1727s(br), 
1634VS, 1580w, 1492vs, 1434w, 1388m(br), 1310s, 1194s, 931s(br), 870s(br), 819s, 
804s, 702vs, and 669m. 
5. Bis(betaine) hydrochloride monohydrate (2) 
A mixture of commercial betaine monohydrate (0.137 g, 1.0 mmol) and betaine 
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hydrochloride (0.137 g, 1.0 mmol) was dissolved in an aqueous solution (2 mL). After 
evaporation in air for several days, colorless prismatic crystals suitable for X-ray work 
were obtained. 
6. Trimethylamminiopropionate hydrobromide monohydrate (3) 
3-Bromopropionic acid (10.1 g, 0.10 mol) was dissolved in aqueous trimethylamine 
(50 mL, 30%) and stirred at room temperature overnight. A yellowish syrup was obtained 
after evaporation of the resulting solution under reduced pressure at about 70 尤.Tritur-
ation with a small portion of ethanol afforded a white precipitate. After being washed with 
acetone, the raw product was redissolved in methanol and crystallized by slow addition of 
ether through vapor diffusion. The yield was 8.4 g (55%). 
7. (3-Carboxyl-1 -pyridinio)acetate (4) 
Commercial nicotinic acid (10.0 g, 1.0 mmol) and chloroacetic acid (9.5 g, 1.0 mmol) 
was mixed in methanol (150 mL), and then sodium bicarbonate (14.0 g) was added and the 
mixture stirred at room temperature for one day. After filtration the filtrate was evaporated 
under reduced pressure to dryness. The residue was redissolved in dilute hydrochloric acid 
(2.0 N, 50 mL) and slow evaporation produced colorless prismatic crystals (8.1 g, 55%). 
IR data (cm O： 3076s, 3100m, 3044vs, 1725vs, 1684vs, 1631s, 1590s, 1498s, 1471s, 
1357VS, 1331VS, 1314s, 1288s, 1216s, 1201s, 1140s, 1099s, 1040s, 1025s, 999s, 984s, 
933vs, 864vs, 842vs, 771vs, 717vs, 682vs, 668s，562s, 495s, and 448s. 
n. Metal-betaine complexes 
1. xrms-Diaquabis(pyridinioacetato)manganese(ll) dichloride (5) 
MnCl2-4H20 (0.495 g, 2.5 mmol) and pyBET was dissolved in distilled water (1.5 mL, 
35^) under stirring. After slow evaporation of the resulting solution at room temperature 
for several days, colorless needle crystals were obtained. The crystals are deliquescent and 
for X-ray work a selected crystal was sealed in a Lindemann glass capillary for data 
collection. IR data (cm-i)： 3460m(br), 3150m, 3060m(br), 3083m, 2950m, 1624vs, 
1590VS, 1437m, 1396vs, 1384vs, 1303s, 1209m, 1192m, 922w, 848s, 775m, 715vs, 
675m, 607m, 589m, and 524m. 
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2. catena-Trnftrimethylammonioacetato)manganese(ll) tetrachloromanganate(ll) (6) 
Mna2-4H20 (0.495 g, 2.5 mmol) and BET (0.686 g, 5.0 mmol) was mixed in distilled 
water (3 mL) upon stirring. The resulting solution was allowed to stand in air for about ten 
hours, and pale yellow block crystals were then obtained, which are hygroscopic. For X-
ray work a selected crystal was sealed in a Lindemann glass capillary for data collection. IR 
data (cm-i): 3428m(br), 3052m, 3017m, 1616vs(br), 1498m, 1474m, 1431s, 1405s, 
1337m, 984w, 933m, 903m, 718m, and 605m . 
3. tidins-Tetraaquabis(trimethykmmonioacetato)coba_ dichloride tetrahydrate (7) 
C0CI2.6H2O (0.357 g, 1.5 mmol) and betaine monohydrate (0.405 g, 3.0 mmol) were 
dissolved in distilled water (1.5 mL) with stirring. After the resulting solution was allowed 
to stand at room temperature in air for two weeks, brown plate-like crystals were obtained. 
IR data (cm-i)： 3430vs, 3374vs, 1616vs, 1484s, 1434vs, 1398vs, 1342s, 984w, 963w, 
934m, 899m, 794m, 723s, 61 Im, 548m. 
4. usins-DiaqucUem(pyridinioacetato)cobalt(ll) bis[trichloro(pyridinioacetato)cobaltate(ll)] 
(8) 
CoCl2-6H20 (0.476 g, 2.0 mmol) and pyBET (0.842 g, 6.0 mmol) were dissolved in 
distilled water (3 mL) with stirring. After the resulting solution was allowed to stand at 
room temperature in air for two weeks, deep blue prismatic crystals were obtained. IR data 
(cm-i): 3430VS, 3374vs, 1616vs, 1484s, 1434vs, 1398vs, 1342s, 984w, 963w, 934m, 
899m, 794m, 723s, 611m, 548m. 
5. \i2ins-Diaquadichloro(pyndinioacetato)nickel(ll) nitrate (9) 
A mixture of Ni(N03)2.6H20 (0.582 g, 2.0 mmol) and betaine monohydrate (0.540 g, 
4.0 mmol) was dissolved in distilled water (3 mL) upon stirring. After the resulting green 
solution was slowly evaporated in air at room temperature for a week, yellowish green 
needle-shaped crystals were obtained. IR data (cm O： 3402vs(br), 3314s, 3227m, 3040m, 
2991w, 2952w, 1680w, 1610vs, 1486s, 1470m, 1432s, 1384s, 1370m, 1341s, 1237w, 
840m, 825m, 723m. 
6. Aquadichloro(pyridinioacetato)zinc(lI) (10) 
ZnCl2 (0.272 g, 2.0 mmol) and pyBET (0.276 g, 2.0 mmol) were dissolved in warm 
distilled water (2 mL, 50^) upon stirring. After the resulting colorless solution was 
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evaporated in air at room temperature for a week, colorless grain-like crystals were 
obtained. IRdata (cm-i)： 3431vs, 3132s, 3082s, 3067s, 1646vs, 1585m, 1487s, 1378s, 
1300s, 1218m, 1193m, 710m, 674m, and 620m. 
7. Dichlorobis(pyridinioacetato)zinc(ll) (11) 
A mixture of ZnClj (0.204 g, 1.5 mmol) and pyBET (0.414 g, 3.0 mmol) was 
dissolved in distilled water (3 mL, 50^) with stirring. After the resulting colorless solution 
was slowly evaporated in air at room temperature for 10 days, colorless block crystals were 
yielded. IRdata(cmO： 3134m, 3084m, 3062s, 3010m, 3000m, 2916m, 1647vs, 1581m, 
1488s, 1424m, 1377s, 1318m, 1302m, 1192m, 1160m, 775m, 712s, 675s, 620m, and 
603m. 
8. Dichlorobisitrimethylammonioacetato)zinc(ll) (12) 
A mixture ofZnClj (0.136 g, 1.0 mmol) and betaine monohydrate (0.270 g, 2.0 mmol) 
was dissolved in warm distilled water (3 mL, 5(K：) with stirring. After slow evaporation 
of the solution in air at room temperature for a week, colorless polyhedral crystals were 
yielded. IR data (cm-i)： 3450m, 3257m, 3050w, 3018w, 1652vs, 1623s, 1485m, 1471s, 
1417s, 1398s, 1324s, 988m, 932m, 903m, 727m, and 598. 
9. Dichlorobis(pyridiniopropionato)zinc(ll) (13) 
A mixture of ZnCl! (0.136 g, 1.0 mmol) and ppBET (0.302 g, 2.0 mmol) was 
dissolved in warm distilled water (2 mL, 50^) under stirring. After slow evaporation of 
the solution in air at room temperature for a week, colorless polyhedral crystals were 
obtained. 
10. Dichhro(trimethylanvnonioacetato)cadmium(lI) (14) and diaquabis(trimethylammonioacetato)tetrachlorodicadmiwn(lI) (15) 
Both complexes 14 and 15 were prepared by dissolving CdCl2-2.5H20 (0.228 g, 1.0 
mmol) and betaine monohydrate (0.270 g，2.0 mmol) in warm distilled water (1.5 mL, 
55^) with Stirling. After evaporation of the solution in air at room temperature for 4 days, 
colorless needle crystals of complex 14 and a very small portion of colorless prismatic 
crystal of complex 15 were obtained. IR data (cm-i) for complex 14: 3076w, 3054w, 
3017w, 2969w, 1625vs, 1483m, 1468m, 1448m, 1427m, 1401m, 1334vs, 1236m, 
1122w, 929m, 906m, 740m. No IR spectrum was recorded for complex 15 due to the 
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very limited quantity of sample obtained. 
11. Dichloro(tnethylammonioacetate)cadmium(ll) (16) 
This complex was simply prepared by dissolving CdClz.Z.SHp (0.228 g, 1.0 mmol) 
and betaine monohydrate (0.1590 g, 2.0 mmol) in warm distilled water (4 mL, 55X1) under 
stirring. After evaporation of the solution at room temperature for a week, colorless 
polyhedral crystals were obtained. IR data (cm O： 1616vs, 1487s, 1473s, 1454s, 1416vs, 
1332VS, 1127m, 984s, 950m, 931s, 891vs, 761s, 711s, and 599s. 
12. Hexachlorotetrakis(pyridiniopropiomto)trica(Mwn(II) (17) 
A mixture of CdClz'l.SUJD (0.228 g, 1.0 mmol) and pyBET (0.274 g, 2.0 mmol) was 
dissolved in hot water (4 mL, 65^) , resulting in a colorless solution. After slow 
evaporation at 3 0 ^ for a week, colorless polyhedral crystals were deposited. IR data (cm-
1): 3132m, 3070m, 1626vs, 1487s, 1388s, 1375m, and 713m. 
13. C2DEIM-Tetrachlorobis( trimethylammonioacetato )dimercury(II)-bis[dichloromercury(II)] (18) 
HgClj (0.272 g, 1.0 mmol) and betaine monohydrate (0.117 g, 1.0 mmol) were mixed 
in hot distilled water (7 mL); after stirring at about 90尤 for 5 minutes, a clear solution was 
obtained. Slow evaporation of the solution in air at room temperature for a week yielded 
colorless polyhedral crystals. IR data (cm-i): 3051s, 3030s, 1616s, 1483m, 1455m, 
1398s, 1237m, 1237m, 1124w, 1012w, 977m, 934m, 908m, 801m, 740m, and 636m. 
14. caicmL'tetrachlorobis(pyridinioacetato)dirnercury(II)-dichlorornercwy(II) (19) 
HgCl2 (0.272 g, 1.0 mmol) and pyBET (0.137 g, 1.0 mmol) were added to hot distilled 
water (5 mL); after stirring at about 9 0 ^ for 10 minutes, the resulting clear solution was 
cooled to room temperature. Colorless prismatic crystals were afforded upon standing of 
the solution overnight. IR data (cm O： 3500s, 3093s, 3065s, 1630vs, 1609vs, 1505m, 
1455m, 1490s, 1384vs, 1037m, 1216w, 1195w, 1166w, 987w, 913w, 850m, 773m, 
709s，674s, and 61 Ivs. 
15. Tetrachlorobis(pyridiniopropioriato)dimercury(ll) (20) 
A mixture of HgCl�（0.272 g, 1.0 mmol) and ppBET (0.151 g, 1.0 mmol) was added 
to hot distilled water (5 mL) and stirred at 7 0 ^ for about 10 minutes, resulting in a clear 
112 
I 
solution. Colorless polyhedral crystals were afforded by slow evaporation of the solution 
at room temperature for several days. IR data (cm-i): 3079s, 3058s, 1637vs, 1616vs, 
1574m, 1483m, 1356vs, 1317w, 780m, 681s, and 676m. 
16. Diaquabis(trirmthylamrionioacetato)disilver(l) dinitrate (21) 
AgNOa (0.255 g, 1.0 mmol) and betaine monohydrate (0.411 g, 3.0 mmol) were added 
to hot water solution (3 mL, 60SC) with stirring, resulting in a clear solution. After cooling 
to room temperature, colorless prismatic crystals were afforded by slow addition of ethanol. 
The crystals are slightly unstable in air and for X-ray work a selected crystal was sealed in a 
Lindemann glass capillary with a small drop of mother-liqor. IR data (cnti): 3378m, 
3323m, 3050m, 3045m, 1620vs, 1474s, 1442s, 1415vs, 1398vs, 1332s, 932m, and 
602m. 
17. C3itn2i'Bis(pyridinioacetato)bis(perchlorato)disilver(I) (22) 
A mixture of AgClO* (0.311 g, 1.5 mmol) and pyBET (0.444 g, 1.5 mmol) was mixed 
in hot water (3 mL, 60X1) with stirring, resulting in a clear solution. After slow 
evaporation of the solution over 1 day at room temperature, colorless needle-shaped crystals 
were obtained IR data (cm-i)： 3077m, 3053m, 3042m, 3028m, 1622vs, 1606vs, 1485s, 
1382VS, 1312m, 1303m, 1212m, 1188m, 1142vs, 1116vs, 1086m, 780m, 705s, 671m, 
627m, and 606m. 
18. catena-^wftriethylammonioacetate)bis(nitrato)disilver(I) (23) 
A mixture of AgNOj (0.170 g, 1.0 mmol) and EtgBET (0.159 g, 1.0 mmol) was added 
to hot aqueos ethanol (4 mL, 90%; 60尤）with stirring, resulting in a clear solution. After 
cooling to room temperature, colorless polyhedral crystals were afforded by slow 
evaporation of the solution for several days in a desiccator charged with silica gel. IR data 
(cm-i): 3130s, 2994s, 1625vs, 1469s, 1452s, 1384vs, 1360s, 1336s, 1315s, 1114s, 
780m, 681s, and 676m. 
19. CQttn^,-Bis(tnethylammonioacetato)disilver(l) diperchlorate (24) 
AgC104 (0.207 g, 1.0 mmol) and EtsBET (0.159 g, 1.0 mmol) were dissolved in hot 
water-ethanol (3 mL, 1:1 v/v ) with stining at bout 60^ to give a clear solution. After 
cooling to room temperature, slow evaporation of the solution in air for a week yielded 
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colorless grain-like crystals. IR data (cm-i)： 3422s(br), 3058s, 1620vs, 1471s, 1392s, 
1358s, 1140VS, 1114VS, 1090vs, and 627s. 
20. c2iitm.-Bis(pyridiniopropionato)disilver(l) diperchlorate (25) 
To a mixture of AgClOt^  (0.207 g, 1.0 mmol) and ppBET (0.151 g, 1.0 mmol) distilled 
water (3 mL) was added; after stirring at about 6 0 ^ for a few minutes, a clear solution was 
obtained. Evaporation of the solution in air at room temperature for 10 hours yielded 
colorless prismatic crystals. IR data (cm O： 3135s, 3130s, 3058s, 1620s, 1585vs, 1396s, 
1143VS, 1118s, 1078VS, 800m, 689m, 636vs, 624vs. 
21. c2XQXi2i-Bis(pyridiniopropiomto)bis(nitrato)disilver(I) (26) 
To a mixture of AgNO^ (0.170 g, 1.0 mmol) and ppBET (0.151 g, 1.0 mmol) a water-
ethanol solution (4 mL, 1:1 v/v) was added; after stirring at about 60X1 for ten minutes, the 
resulting clear solution was cooled to room temperature. Colorless prismatic crystals was 
afforded by evaporation of the solution for 2 days in a desiccator charged with silica gel. 
IRdata(cm-i)： 3106s, 3089s, 3061s, 1634s, 1586vs, 1578vs, 1488s, 1385s, 681m. 
22. catena-Bwftrimethylammoniopropionato)bis(nitrato)disilver(l) (2 7) 
AgNOa (0.170 g, 1.0 mmol) and prBET (0.132 g, 1.0 mmol) was mixed in a water-
ethanol solution (4 mL, 1:1 v/v) under stirring at about 6 0 ^ for 10 minutes, resulting in a 
clear colorless solution. After cooling to room temperature, colorless polyhedral crystals 
were afforded by slow evaporation for several days in a desiccator charged with silica gel. 
IRdata(cm-i)： 3009vs, 3005s, 1589vs, 1483s, 1391s, 1310s, 940m, 832s, and 695m. 
23. ca.itn2i-Aquabis(tnmethylammoniopropionato)disilver(l) diperchlorate 
monohydrate (28) 
A mixture of AgClO* (0.207 g, 1.0 mmol) and ppBET (0.132 g, 1.0 mmol) was added 
to distilled water (3 mL) under stirring at about 60^ for 10 minutes, giving a colorless 
solution. After standing of the solution in air at room temperature for about 4 hours, 
colorless needle-shaped crystals was obtained. IR data (cm]): 3260s, 3140s, 3050s, 
1638m, 1591s, 1555m, 1483s, 1390s, 1379s, 1145vs, 1130vs, 1082m, 941m, 640vs, 
625m. 
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24. cdXcndi'(PyridinioacetatoXnitrato)silver(l) (29) 
AgNOg (0.250 g, 1.5 mmol) and pyBET (0.411 g, 3.0 mmol) was dissolved in hot 
water (3 mL, 60^). After filtration, the clear solution was evaporated at room temperature 
in air for a week to obtain colorless plate-like crystals. IR data (cm-i): 3052m, 1633vs, 
1582m, 1384s, 1308m, 1184m, 694m, and 603m. 
25. catena-/(3'Carboxylato-l-pyridinio)acetato]silver(I) monohydrate (30) 
Equivalent quantities of AgNOg (0.170 g, 1.0 mmol) and HniBET (0.181 g, 1.0 mmol) 
were allowed to react in hot water (10 mL, 70尤)for 20 minutes with stirring. After 
filtration, the clear filtrate was allowed to stand at room temperature in air for a week to 
afford colorless needle-shaped crystals. IR data (cm-i)： 3445vs(br), 3086vs, 1646vs, 
1610VS, 1581s, 1497W, 1377s, 1216w, 906w, 815w, 773w, 723m, 688m, 611m. 
26. caiQn2L-Diaqm(pyridinioacetato)(sulfato)copper(ll) (31) 
CUS(V5H20 (0.500 g, 2.0 mmol) and pyBET (0.274 g, 2.0 mmol) were mixed in 
distilled water (5 mL) with stirring, resulting in a clear blue solution. After slow 
evaporation at room temperature for a week, royal blue crystalline needles were obtained. 
27. DiaqiiadichIoro(pyridinioacetato)copper(II) monohydrate (32) 
CUCI2.4H2O (0.342 g, 2.0 mmol) and pyBET (0.274 g, 2.0 mmol) were mixed in 
distilled water (3 mL) with stirring. The resulting clear light-blue solution was slowly 
evaporated at room temperature for a week, resulting in light-blue prismatic crystals. 
28. Tetrakis(trimethylarrimomoacetato)copper(ll) nitrate (33) 
A mixture of Cu(N03)2.3H20 (0.242 g, 1.0 mmol) and betaine monohydrate (0.540 g, 
4.0 mmol) was added to hot water (3 mL, CCL 60尤)with stirring, resulting in a clear deep 
blue solution. After slow evaporation at room temperature for one day, violet-blue cube-
like crystals were obtained (0.56 g, 85% yield). IR data (cm-i)： 3415s, 3402s, 3076m, 
3054m, 3017m, 2969m, 1666vs, 1642vs, 1548w, 1479s, 1387vs, 1345s, 1318s, 1235m, 
1129w, 986w, 926m, 902m, 825w, 728m, 606w, 573w, and 495w. 
29. Tetrakis(pyridiniopropionato)copper(ll)perchlorate (34) 
Cu(C104)2.6H20 (0.185 g, 1.0 mmol) and ppBET (0.620 g, 4.0 mmol) were added to 
hot water (3 mL, CCL 60°C) with stirring, resulting a clear blue solution. After slow 
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evaporation at room temperature for one day, blue block crystals were obtained. IR data 
(cm-0： 3415s(br), 3076m, 3054m, 3017m, 2970m, 1660vs, 11548w, 1479s, 1315vs, 
1325m, 1128w, 986w, 957m, 927w, 901s, 825w, and 606m. 
30. Tris[dicMorotetrakis(pyridimoacetato)dicopper(n)] bis[etrachlorocuprate(lI)] dichloride (35) 
CUCI2.2H2O (0.342 g, 2.0 mmol) and pyBET (0.549 g, 4.0 mmol) were added to 
warm water (3 mL, CCL 50^) with stirring, resulting in a clear greenish blue solution. After 
the solution was slowly evaporated at 29士 K for two days, green needle-shaped crystals 
were obtained, which are slightly unstable in air. For X-ray work, a selected specimen was 
sealed in a Lindemann glass capillary with a small drop of mother-liquor. IR data (cnrO-
3076m, 3051m, 3010m, 1671vs, 1628vs, 1487s, 1433s, 1393vs, 1325m, 1218w, 1193m, 
780m, 772m, 675m, 626m，and 592m. 
31. Diaquatetrakis(pyiridinioacetato)dicopper(ll) tetranitratedihydrate (36) 
A mixture of Cu(N03)2.3H20 (0.242 g, 1.0 mmol) and pyBET (0.274 g, 2.0 mmol) 
was dissolved in water (3 mL) with stirring, forming a clear greenish blue solution. After 
slow evaporation of the solution at room temperature for a week, blue block crystals were 
deposited. IR data (cm O： 3415vs, 1665vs, 1635vs, 1433s, 1384vs, 1331s, 1298s, 723s, 
675m, and 625m. 
32. Diaquatetrakis(pyridiniopropionato)dicopper(ll) tetraperchlorate tetrahydrate (37) 
CU(C104)2.6H20 (0.185 g, 1.0 mmol) and ppBET (0.310 g, 2.0 mmol) were mixed in 
warm water (1.5 mL, ca. 50X1) with stirring. After the resulting clear blue solution was 
allowed to evaporate slowly at room temperature for several days, blue block crystals were 
obtained, which are slightly unstable in air. For X-ray work, a selected crystal was sealed 
in a Lindemann glass capillary with a small drop of mother-liquor. IR data (cm-O： 
3416vs(br), 3145s, 3079s, 3030s, 2981m, 1637vs, 1602s, 1581s, 1490s, 1441s, 1413s, 
1166s, 1152s, 1096VS, 787m, 688s, and 625s. 
34. Tetrakis(trimethykanmonioacetato)copper(liylithiu_perchlorate (38) 
A mixture of betaine monohydrate (0.540 g, 4.0 mmol) and Cu(C104)2.6H20 (0.185 g, 
1.0 mmol) was dissolved in hot water (4 mL, 70^) upon stirring, forming a clear blue 
solution. LiCKV 3H2O (0.320 g, 2.0 mmol) was next added and the solution was stirred 
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for 10 minutes. The resulting solution was allowed to stand in air for five days to yield 
deep blue needle-shaped crystals. IR data (cm-i): 3409vs(br), 3058m, 3044m, 3009m, 
2959m, 1648v, 1497m, 1476s, 1455m, 1398s, 1321s, 1244w, 1110s, 1096s, 1082s, 
1061m, 984w, 962w, 927m, 906m, 723m, 625s, 576w. 
y^. Aqmtetrakis(trimethylammonioacetato)bis(nitrato)copper(ll)-calciwn bis[aquatetranitratocalciwn(ll)] (39) 
To an aqueous solution (3 mL) containing complex 33 (0.328g, 0.50 mmol), 
Ca(N03)2.4H20 (0.236 g, 1.0 mmol) was added. After stirring for 5 minutes, the resulting 
clear blue solution was allowed to stand for two days to yield deep blue block crystals. IR 
data (cm-i): 3402s(br), 3051m, 3042m, 2995m, 1634vs(br), 1496m, 1476s, 1406vs, 
1335VS, 1235m, 991w, 963m, 934s, and 723s. 
4.2. Physical Measurements 
All infrared spectra (KBr pellets) were recorded on a Nicolet 20SXC FT-IR Spectro-
meter or a Nicolet 205 FT-IR Spectrometer in the range of 4000-400 cm-i, and all NMR 
spectra were measured on a Bruker WM-250 superconducting FT NMR spectrometer 
operating at 250.1 MHz. 
4.3. Crystallography 
Densities of crystals were measured by flotation in mixed organic solvents such as mix-
tures of 1,2-dibromoethane-CCl4, n-hexane-CCl4, etc., depending on the density of the 
sample. 
For each complex, determination of the crystal class, orientation matrix, and cell-
dimensions were performed according to established procedures^ ，，on a Nicolet R3m/V 
diffractometer using either the co-20 or o) scan mode. Two standard reflections were 
monitored after every 75 and 120 data measurements for the co-20 and o scan modes， 
respectively, showing only small random variations. The raw data were processed with the 
leamt-profile procedure,…and absorption corrections were applied by fitting a pseudo-
ellipsoid to the v-scan data of selected strong reflections over a range of 20 angles."® 
Most of the crystal structures were solved with the Patterson superposition method, 
especially those with only one heavy metal in the asymmetric unit in the unit cell. The 
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remaining crystal structures were determined by direct methods. Subsequent difference 
Fourier syntheses were employed to locate the remaining non-hydrogen atoms which did 
not show up in the initial structure. All the non-hydrogen atoms were refined anisotropical-
ly except the disordered atoms, which were subjected to geometric constraints and refined 
isotropically. Hydrogen atoms of organic ligands were all generated geometrically (C-H 
bond lengths fixed at 0.96 A), assigned appropriate isotropic thermal parameters and 
allowed to ride on their parent carbon atoms; and hydrogen atoms of carboxyl groups and 
water molecules were located from difference maps and assigned isotropic thermal para-
meters. All the hydrogen atom were held stantionary and included in structure-factor 
calculations in the final stage of full-matrix least-squares refinement. 
All computations were performed with the SHELXTL-PLUS program package on a 
DEC MicroVAX-H computers."^ Analytical expressions of neutral-atom scattering factors 
were employed, and anomalous-dispersion corrections were incorporated."^ 
Details about data collection, processing, and final discrepancy indices and other para-
meters at the conclusion of refinement for each complex are listed in Table 4.1 to Table 4.8. 
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6. Appendix A: Tables of Atomic Coordinates and Thermal 
parameters 
Table 6.1. Atomic Coordinates (xl04) and equivalent isotropic 
thermal parameters (A^ x 10^) 
X y z "eq X y z f/eq 
Complex 1 
Cl(l) 1128(1) 2500 -2500 54(1) 0(1) 296(1) 4601(1) 3409(5) 57(1) 
0 ( 2 ) 1 5 4 6 ( 1 ) 4647(1) 5 4 6 9 ( 5 ) 5 4 ( 1 ) C ( l ) 1 0 8 1 ( 2 ) 4 4 5 3 ( 2 ) 3 7 4 1 ( 6 ) 3 8 ( 1 ) 
C(2) 1394(2) 3981(2) 1570(9) 52(1) N(l) 2319(2) 3836(1) 1768(5) 38(1) 
C ( 3 ) 2609(2) 3 4 4 1 ( 2 ) 3 6 9 2 ( 7 ) 5 2 ( 1 ) C ( 4 ) 3 4 6 9 ( 3 ) 3 3 2 4 ( 2 ) 3 9 5 7 ( 8 ) 6 3 ( 1 ) 
C(5) 4033(2) 3626(2) 2237(8) 60(1) C(6) 3718(2) 4030(2) 276(8) 55(1) 
C(7) 2858(2) 4131(2) 59(7) 45(1) 0(lw) -121(2) 2500 2500 73(2) 
Complex 2 
0(1) 5591(2) 4634(1) 1032(4) 52(1) 0(2) 6672(2) 4556(1) -2186(5) 61(1) 
C( l ) 6454(3) 4453(1) - 115(7 ) 42(1 ) C(2) 7209(3) 4089(1) 1515(6) 39(1) 
N(l) 8168(2) 3765(1) 360(4) 34(1) C(3) 8773(3) 3431(2) 2273(7) 52(1) 
C(4) 7732(3) 3330(2) -1420(6) 52(1) C(5) 8975(3) 4185(2) -788(7) 55(1) 
Cl(l) 1288(1) 2500 1168(2) 50(1) 0(lw) -65(3) 2500 6229(7) 104(2) 
Complex 3 
Br(l) -3739(1) 2500 3100(1) 44(1) 0(lw) -739(5) 2500 3846(4) 93(3) 
0(1) -52(5) 2500 5686(3) 62(2) 0(2) 1913(5) 2500 5103(3) 53(2) 
C(l) 1192(6) 2500 5780(5) 40(2) C(2) 1672(6) 2500 6816(4) 39(2) 
C(3) 608(6) 2500 7572(4) 34(2) N(l) 1080(5) 2500 8613(4) 31(2) 
C(4) -96(6) 2500 9251(5) 42(2) C(5) 1851(4) 722(8) 8838(3) 47(2) 
Complex 4 
0(1) 3432(2) 3016(1) 10565(5) 42(1) 0(2) 5637(2) 3293(1) 9410(5) 42(1) 
C(l) 4551(3) 2897(2) 9199(7) 31(1) C(2) 4486(3) 2192(2) 7157(6) 26(1) 
C(3) 5585(3) 2035(2) 5460(7) 31(1) C(4) 5483(3) 1425(2) 3454(7) 33(1) 
C ( 5 ) 4273(3) 9 7 2 ( 2 ) 3 2 7 8 ( 6 ) 3 1 ( 1 ) N ( l ) 3 2 3 6 ( 2 ) 1 1 0 3 ( 1 ) 5 0 4 8 ( 5 ) 2 6 ( 1 ) 
C(6) 3310(3) 1703(2) 6973(6) 26(1) C(7) 2027(3) 543(2) 4981(7) 32(1) 
C(8) 2249(3) -203(2) 6842(6) 28(1) 0(3) 3133(2) -191(1) 8619(5) 45(1) 
0(4) 1412(2) -798(1) 6315(5) 42(1) 
Complex 5 
Mn(l) 0 0 0 24(1) 0(lw) 1698(5) 351(2) 1666(2) 37(1) 
C l ( l ) 7 0 8 9 ( 2 ) 1 0 2 0 ( 1 ) 3193(1) 4 3 ( 1 ) 0 ( 1 ) 3 4 6 1 ( 4 ) - 9 3 1 ( 1 ) - 6 8 ( 2 ) 3 0 ( 1 ) 
0 ( 2 ) 7 6 2 6 ( 4 ) - 9 2 7 ( 1 ) 8 9 4 ( 2 ) 3 4 ( 1 ) C ( l ) 5 0 7 9 ( 6 ) -1129(2) 7 4 3 ( 2 ) 2 5 ( 1 ) 
C ( 2 ) 3 7 6 2 ( 6 ) - 1 6 8 8 ( 2 ) 1 6 2 4 ( 3 ) 3 7 ( 1 ) N ( l ) 5594(5) - 1 7 4 8 ( 2 ) 2 6 5 0 ( 2 ) 3 0 ( 1 ) 
C ( 3 ) 7 2 5 3 ( 7 ) - 2 4 2 8 ( 2 ) 2 8 2 5 ( 3 ) 3 7 ( 1 ) C ( 4 ) 9 0 2 1 ( 8 ) -2482(2) 3 7 6 3 ( 3 ) 4 6 ( 1 ) 
C(5) 905(1) -1831(3) 4516(3) 54(1) C(6) 740(1) -1136(3) 4313(3) 62(2) 
C(7) 5665(9) -1107(2) 3373(3) 47(1) 
Complex 6 
Mn(l) 0 0 0 27(1) Mn(2) 0 0 5000 26(1) 
0(1) 1586(3) 412(3) 1307(3) 37(2) 0(2) 1529(3) 1040(3) 3584(3) 35(1) 
C(l) 1846(5) 543(5) 2632(5) 31(2) C(2) 2687(5) 134(5) 3254(5) 39(2) 
N(l) 2845(4) -770(4) 2389(5) 40(2) C(3) 3429(7) -289(7) 939(6) 61(4) 
C(4) 3625(7) -1090(7) 3261(7) 61(4) C(5) 1647(7) -1885(6) 2158(9) 66(4) 
Mn(3) 3333 6667 7906(2) 52(1) Cl(l) 3333 6667 10500(3) 48(1) 
Cl(2) 5115(2) 6701(2) 7189(2) 75(1) 
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Table 6.1. Atomic coordinates (x 104) and equivalent isotropic thermal 
parameters (A^xlO^) {continued) 
Complex 7 
Co( l ) 0 0 0 28(1) C l ( l ) 1164(1) -1376(1) 3676(1) 56(1) 
0 ( lw) 682(2) 1465(2) 929(2) 40 (1 ) 0(2w) 1587(3) -983(2) 1209(2) 38(1) 
0(3w) 1906(3) 1185(2) 3190(2) 61(1) 0(4w) 4164(3) -2481(2) 5285(2) 76(1) 
0 ( 1 ) 1815(2) 185(2) -890(2 ) , 38(1) 0 ( 2 ) 2349(3) 2007(2) -651(2) 57(1) 
C( l ) 2431(3) 1084(2) -1114(2) 36(1) C(2) 3351(4) 1106(2) -2043(3) 44(1 ) 
N ( l ) 3714(3) 13(2) -2557(2) 38(1) C(3) 4785(4) -699(3) -1674(3) 58(1) 
C(4) 4598(5) 289(3) -3471(3) 58(1) C(5) 2217(4) -621(3 ) -3092(3) 59(1) 
Complex 8 
Co( l ) 0 0 0 30(1) 0 ( l w ) -2568(2) -18 (1 ) 111(1) 43(1 ) 
0 (11 ) 317(2) -195(2) 1602(1) 48 (1 ) 0 ( 1 2 ) -2375(2 ) 267(2) 1959(2) 72(1) 
C ( l l ) - 8 4 2 ( 3 ) 137(2) 2107(2) 44 (1 ) C(12) -365(3 ) 447(2) 3004(2) 47(1) 
N ( l ) 1479(2) 222(2) 3217(1) 38(1) C(13) 2307(3) 802(2) 2423(2) 47(1 ) 
C(14) 4024(3) 605(2) 2597(2) 54(1) C(15) 4885(3) -180(2) 3595(2) 53(1) 
C(16) 4022(3) -768(2) 4401(2) 51(1) C(17) 2319(3) -561(2) 4195(2) 44(1) 
0 (21) 945(2) -1779(1) 478(1) 48 (1 ) 0 ( 2 2 ) -1389(2 ) -2342(2) 686(2) 64(1) 
C(21) 153(3) -2488(2) 626(2) 41 (1 ) C(22) 1180(3) -3686(2) 750(2) 50(1) 
N(2) 2973(2) -3763(1) 554(1) 38(1) C(23) 3384(3) -3432(2) -473(2) 43(1) 
C(24) 4997(3) -3424(2) -688(2 ) 54(1) C(25) 6212(3) -3746(2) 147(3) 63(1) 
C(26) 5784(4) -4094(2) 1194(3) 68(1 ) C(27) 4151(4) -4101(2) 1 3 8 7 ( 2 � 56(1) 
Co(2) 625(1) -3453(1) -3326(1) 4 0 ( 1 ) C l ( l ) -437(1 ) -3665(1) -1725(1) 55(1) 
Cl(2) -1164(1 ) -1980(1) -4742(1) 61(1) C l ( 3 ) 3119(1) -3033(1) -3276(1) 55(1) 
0 (31) 1412(2) -4920(1) -3477(1) 50(1) 0 ( 3 2 ) -1070(2) -5280(2) -3531(2) 61(1) 
C(31) 476(3 ) -5519(2) -3512(2) 45 (1 ) C(32) 1394(3) -6673(2) -3547(2) 53(1) 
N(3) 3250(2) -6936(2) -3477(2) 41 (1 ) C(33) 3974(3) -6430(2) -4360(2) 53(1) 
C(34) 5698(4) -6609(2) -4287(2) 67(1) C(35) 6663(3) -7330(2) -3309(3) 65(1) 
C(36) 5905(3) -7859(2) -2412(2) 59(1) C(37) 4187(3) -7642(2) -2514(2) 50(1) 
Complex 9 
N i ( l ) 0 0 5000 28(1) 0 ( l w ) -1304(6) 206(3) 6391(3) 36(1) 
0(2w) 2127(6) 1219(3) 5374(3) 39(1) 0 ( 1 1 ) 1905(6) -1134(3) 5568(3) 35(1) 
0 (12) 4539(6) -179(3) 6275(3) 37(1) C ( l l ) 3601(9) -1028(5) 6059(4) 33(2) 
C(12) 4719(9) -2016(4) 6412(4) 40 (2 ) N ( l ) 3724(7) -3088(3) 6177(3) 35(2) 
C(13) 1678(10) -3207(5) 6682(6) 68(3) C(14) 3466(10) -3262(5) 5048(4) 53(3) 
C(15) 5134(11) -3919(5) 6576(5) 58(3) N i ( 2 ) 0 5000 0 27(1) 
0(3w) 1366(5) 4001(3) 1030(3) 36(1) 0(4w) -1795(6) 5580(3) 1163(3) 36(1) 
0 (21) -2142(6 ) 3829(3) -409(3 ) 39(1) 0 ( 2 2 ) -4419(6) 3917(3) 820(3) 39(1) 
C(21) -3713(9 ) 3519(4) 47(4 ) 31(2) C(22) -4966(9) 2543(5) -344(4) 40(2) 
N(2) -4291(7 ) 1984(4) -1279(4) 42 (2 ) C(23) -5828(11) 1075(5) -1494(6) 79(3) 
C(24) -2177(11) 1558(6) -1161(6) 71(3) C(25) -4345(11) 2719(6) -2186(5) 62(3) 
N(3) -244(10) -1328(5) 8470(4) 55(2) 0 ( 1 ) 786(8) -609(4) 8090(4) 77(2) 
0 ( 2 ) -2122(10) -1340(5) 8323(5) 117(3) 0 ( 3 ) 570(10) -2028(4) 8962(5) 101(3) 
N(4) -784 (9 ) 6349(4) 3564(4) 45 (2 ) 0(A) 156(8) 5661(4) 3080(3) 90(2) 
0 ( 5 ) -1778(9 ) 6120(4) 4302(4) 65(2) 0 ( 6 ) -629(8 ) 7287(4) 3289(4) 70(2) 
Complex 10 
Zn(l ) 4955(1) 2224(1) 1152(1) 29(1) C l ( l ) 1518(1) 3084(1) 557(1) 37(1) 
Cl(2) 5391(1) 708(1) 3149(1) 37(1) 0 ( lw) 6259(2) 4231(2) 1459(1) 35(1) 
0 ( 1 ) 6833(2) 1320(2) -215(1 ) 38(1) 0 ( 2 ) 6659(2) 3311(2) -1916(1) 40(1 ) 
C( l ) 7415(3) 2016(2) -1354(2) 28(1) C(2) 9249(3) 1060(2) -2028(2) 30(1) 
N ( l ) 10068(2) 1911(2) -3295(1) 27(1) C(3) 11821(3) 2690(2) -3221(2) 34(1) 
C(4) 12623(3) 3489(2) -4382(2) 44 (1 ) C(5) 11623(4) 3492(2) -5627(2) 46(1 ) 
C(6) 9824(4) 2685(3) -5682(2) 45 (1 ) C(7) 9065(3) 1895(2) -4502(2) 37(1) 
Complex 11 
Zn( l ) 1383(1) 63(1) 2533(1) 28(1) C l ( l ) 3775(1) -1725(1) 2034(1) 41(1 ) 
Cl (2) 2583(2) 1946(1) 2977(1) 48 (1 ) 0 (11 ) - 5 ( 4 ) 1057(3) 1408(2) 37(1) 
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Table 6.1. Atomic Coordinates (x lO” and equivalent isotropic thermal 
parameters (A^x 10^) {continued) 
0(12) -970(4 ) -1231(3) 1333(2) 42 (1 ) C ( l l ) -1063(5) 225(4) 1183(3) 31(1) 
C(12) -2688(5) 1146(4) 676(3) 37(1) N ( l ) -2729(4) ’ 2878(3) 535(2) 31(1) 
C(13) -2155(6) 3769(5) -409 (3 ) 42 (1 ) C(14) -2128(8) 5386(5) -542 (4 ) 55(2) 
C(15) -2705(7) 6079(5) 290(4) 56(2) C(16) -3284(8) 5133(6) 1244(4) 58(2) 
C(17) -3271(6) 3520(5) 1357(3) 46 (1 ) 0 (21) -516(3 ) -1067(3 ) 3622(2) 36(1) 
0 (22) -2695(4) 1052(3) 3682(3) 50(1) C(21) -2198(5) - 3 7 3 ( 4 ) 3810(3) 33(1) 
C(22) -3769(5) -1473(4) 4205(3) 39(1) N(2) -3074(4) -3173(3 ) 4361(2) 33(1) 
C(23) -2250(6) -3792(5) 3537(3) 39(1) C(24) -1547(7) -5351(5 ) 3662(4) 50(2) 
C(25) -1664(8) -6293(5) 4646(4 ) 57(2 ) C(26) -2480(8) -5660(6 ) 5470(4) 56(2) 
C(27) -3207(6) -4091(5) 5322(3) 45 (1 ) 
Complex 12 
Zn( l ) 0 0 2902 33(1) C l ( l ) 2037(3) 0 1439(4) 57(1) 
0 ( 1 ) 0 1194(5) 4577(10) 63(3 ) 0 ( 2 ) 0 2741(6) 3052(13) 61(2) 
C( l ) 0 2252(7) 4366(11) 35(2) C(2) 0 2995(7) 5889(11) 40(3) 
N ( l ) 0 2442(7) 7528(9) 4 4 ( 3 ) C(3) 1353(13) 1782(9) 7772(18) 93(4) 
C(4) 0 3319(11) 8826(15) 71(5 ) 0 ( lw) 541(20) 5000 1850(24) 78(7) 
Complex 13 
Zn(l ) 7545(1) 1210(1) 6318(1) 34(1) C l ( l ) 7670(1) 3604(2) 6112(1) 48(1) 
Cl (2) 6629(1) 872(2) 7323(1) 56(1) 0 (11) 8982(3) 553(4) 6727(3) 40(1) 
0(12) 8560(3) -1775(5) 6606(3) 4 6 ( 2 ) C ( l l ) 9166(5) - 7 9 2 ( 7 ) 6639(3) 35(2) 
C(12) 10259(4) -1084(7) 6604(4) 42 (2 ) C(13) 10455(5) -2604(7 ) 6357(4) 41(2) 
N ( l ) 9826(4) -2985(6) 5434(3) 34(2) C(14) 10083(6) -2463(7 ) 4724(4) 39(2) 
C(15) 9508(6) -2819(8) 3867(4) 46 (3 ) C(16) 8678(5) -3718(7 ) 3743(4) 48(2) 
C(17) 8435(5) -4257(7) 4493(5) 46 (3 ) C(18) 9016(5) -3858(7 ) 5331(4) 44(2) 
0 (21) 6745(3) 335(5) 5177(2) 44 (1 ) 0 (22) 8039(4) 4 4 9 ( 8 ) 4567(3) 93(3) 
C(21) 7147(5) 163(7) 4537(4) 48 (2 ) C(22) 6460(5) - 4 8 9 ( 8 ) 3687(3) 53(2) 
C(23) 6783(6) -34 (9 ) 2878(4) 65(3) N(2) 6127(4) - 7 0 3 ( 6 ) 2032(3) 40(2) 
C(24) 6479(6) -1816(9) 1702(5) 70(3) C(25) 5878(10) -2501(8 ) 949(5) 99(5) 
C(26) 4931(8) -1968(13) 555(5) 95(5 ) C(27) 4607(6) - 7 8 1 ( 1 5 ) 894(5) 105(5) 
C(28) 5220(6) -183(10) 1646(4) 75(3 ) 
Complex 14 
Cd(l) 0 5195(1) 3262 22(1) C l ( l ) 1869(2) 4582(1) 5654(2) 29(1) 
0 ( 1 ) 0 6755(5) 4238(10) 35(2) 0 ( 2 ) 0 6393(4) 7286(11) 39(2) 
C( l ) 0 6948(5) 5955(13) 26(2) C(2) 0 8031(5) 6355(12) 27(2) 
N ( l ) 0 8321(4) 8388(16) 25(2) C(3) 0 9406(6) 8461(20) 35(2) 
C(4) 1260(9) 7983(5) 9369(12) 43 (2 ) 
Complex 15 
Cd(l) 1331(1) 853(1) 1460(1) 32(1) C l ( l ) 1000(1) -1356(1 ) 293(1) 43(1) 
Cl(2) 3138(1) 1526(1) 443(1 ) 43 (1 ) 0 ( lw) 1193(3) 2780(3) 2480(3) 55(1) 
0 (1 ) 2892(2) 251(3) 3775(2) 45 (1 ) 0 (2 ) 668(2) - 5 7 ( 3 ) 3250(2) 48(1) 
C( l ) 1866(3) - 6 4 ( 3 ) 4088(3) 33(1) C(2) 1915(3) - 4 7 9 ( 3 ) 5548(3) 33(1) 
N ( l ) 3302(3) -712(2) 6596(3) 30(1) C(3) 4098(3) -1645(3 ) 6064(4) 39(1) 
C(4) 4111(4) 451(3) 6968(4) 41 (1 ) C(5) 3044(4) -1194(4 ) 7894(4) 45(1) 
Complex 16 
Cd(l) 205(1) 949(1) 3834(1) 32(1) C l ( l ) -591(1 ) 1342(1) 5438(1) 43(1) 
Cl(2) 958(1) 687(1) 2268(1) 42 (1 ) 0 ( 1 ) 286(1) 3420(2) 3928(1) 43(1) 
0 ( 2 ) 1176(1) 2255(2) 4692(2) 4 7 ( 1 ) C( l ) 816(1) 3328(3) 4527(2) 36(1) 
C(2) 973(1) 4651(3) 5095(2) 34(1) N ( l ) 1626(1) 4688(2) 5798(2) 33(1) 
C(3) 1602(2) 6104(3) 6270(2) 41 (1 ) C(4) 2240(2) 6416(4) 6973(3) 71(1) 
C(5) 1583(2) 3567(3) 6563(2) 52(1) C(6) 885(2) 3559(5) 7122(3) 77(2) 
C(7) 2343(2) 4464(3) 5289(3) 53(1) C(8) 2504(2) 5456(5) 4520(3) 79(2) 
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Table 6.1. Atomic coordinates (x 104) and equivalent isotropic thermal 
parameters (A^xlO^) {continued) 
Complex 17 
0 0 0 25(1 ) Cd(2) 2155(1) -304(1 ) 3010(1) 30(1) 
二卞、 A g L u 2681(1 ) -1195(1 ) 35 (1 ) C l (2 ) 2268(1 ) 2238(1) 2207(1) 41 (1 ) 
c i 3 n s t a - m i 1 5013 1 46 1 0 ( 1 1 ) 2575(2) - 8 1 ( 2 ) 608(2) 38 (1 ) 
0(^2 4094 2 -1792 2 2070(2) 37 (1 ) C ( l l ) 3669(3) -1267(3) 1019 2 28(1 
c a l l 4535 3 -2076 3 158(2) 30 (1 ) N ( l ) 5600(3) -3555(2 ) 755 2 27 1 恐 4883 4 - 4 6 9 2 ( 3 1297(3) 38 (1 ) C(14) 5844(4) -6061(3 ) 1860(3) 46 (1 ) 
恐 lll\(l\ 6293 3 1875 3 44 1 C(16) 8285(4) -5113(3) 1326(3) 40(1) 思 ” 7263 3 37^1 3 T s s 2 33 1 0 21 - 1 3 2 9 ( 3 ) 503(2) 1752(2) 38(1) 
' ^ ^ 2 - n 3 9 2 3409 2 36 1 C(21) - 1 2 9 3 ( 3 ) -534 (3 ) 2751(2) 29 (1 ？ • • l l l l c l ) - l o l o \ l ] 3209 3 37 1 N(2) - 2 6 6 0 ( 3 ) -2553(2 ) 4113(2) 29 (1 
i s l s 4 -3621 3 3821 3 44 1) C(24) - 2 6 0 2 ( 5 ) -5035(3 ) 4648(3) 51 1 
C 25 2 u l w - ^ 3 4 0 ( 3 ) 5752(3) 4 7 � C(26) - 1 9 7 0 ( 4 ) -4229(3 ) 6041(2) 4 3 � 
C(27) - 2 2 4 6 ( 4 ) - 2 8 2 3 ( 3 ) 5194(2) 37 (1 ) 
Complex 18 
„ g^LTd) . 3 6 9 4 ( 1 ) 6648(1) 51 (1 ) C l (3 ) 11363(9) -3050(6 ) 8838(5) 64(2) 
7509 8 l l o s l l ] 4420 5 54 (2 ) H g ( l ) 4453 (1 ) -2193(1) 5079(1) 50 1 
l l . l } o l 二〉7� 7296(5) 62 (2 ) C l ( 2 ) 2763(9 ) -3436(6 ) 2795(5) 65(2) � 々） 6 7 3 4 26) i l e a l ) 1556 20) 44 6 0 ( 2 ) 8611(29) 1165(17) 3773(20) 47 (7 ) 
° I f / n t f g 2 18 m s 18 48 6 C(2) 8101(38) -1520(19) 3095(18) 59(8) 
' ' 7 7 二 認 . 1 7 4 8 15 15^7 14 32 5 C ( 3 ) 9379(48) -878(28) 1286(33) 85(13 
l [ l ] . u f s c i o ) 1005(26) 88(12) C(5) 7524(55) -3379(23) 892(26) 89(12 
Complex 19 
5000 5000 5000 54(1 ) C l (3 ) 5799(9) 5893(5) 7547(5) 7 8 ( ^ 
? T ^ l n ^ 2 2 9 6 a > 6271(1) 46 1) C l ( l ) 2262(7) 2243(6) 8541(5) 59(2) 
' 8 31^9 8 4^92 6 89 3 0 ( i ) 1538(18) 252(15) 4000(15) 74(6 ) 巧《）'3722 17) n 9 0 13) 51^8 12) 58 5 C I ) 3041(22) 951(18) 4185(18) 43 (6 ) ？ ' l l s a i ) 3032 14 36 5 N 1 3294(18) -854(15) 1637(15) 43 (5 ) 
C 3 2516 2I -418 20 4 18 49 7 C(4) 1604(24) -1528(2。） - 818(19) 53(7) 
C(5) i r 6 9 ( 2 5 ) -3107(20； - 942(20) 55 (7 ) C(6) 2267(24) -3542(22) 263(21) 59(8) 
C(7) 3175(22) - 2 3 7 0 ( 1 6 ) 1579(20) 44 (6 ) 
Complex 20 
„ , 1 � 7 8 1 1 ( 4 � 4 9 ( 1 ) C l ( l ) - 1 8 8 ( 3 ) -797 (5 ) 1227(2) 5 0 ( 1 � 
歉 . 5 6 9 3 = 754 3 6^(1 0(1) 1055 10) 3311.(12) 1029(8) 64(4) 
忍 ; ） 3 l f 9 U ) 3196 U ) 1 9 7 � 84 5 C 1 2056(16) 3946(17) 1646(11) 47(6) 
C 2 1 9 8 9 a i 5693 17 1998 10) 53 6 C(3) 3022(13) 6024(16) 3036(9) 46 5 
S ? 3010 11 7784 13 3351 8) 41 4 C(4) 1996(14) 8283(19) 3684(9) 4 6 ( 6 ) 
^ ^ I f e l a l ) 9885 19 4032 10) 55 6 C 6 2998(18) 10938(20) 4030(11) 74(8 ) 识 ) � J ^ l r n ^ 1^3^9(21) 7�((8)) C(8； 4002(15) 8799(18) 3357(1。）52(6) 
Complex 21 
Aa 门、oi47a^ 4 9 8 ( 1 ) 4997(1) 50 (1 ) 0 ( l w ) 1808(6) 299(2) 2784(3) 63 (1 ) 
2S2 5 1560 2 5429 3 51 1 0 2) - 3 6 1 3 ( 5 ) 883(2) 4877(2) 4 4 ( 1 ) 
° i 24? i 6 U 8 7 2 52^9 3 33 1 C 2 - 3 9 1 7 ( 6 ) 2207(2) 5672(3) 35 (1 ) 
N -2659 5 2 9 7 I 2 6254^3^ S s ' d ) C(3) - 1 2 3 9 ( 8 ) 3428(2) 5442(4) 4 5 ( 1 ) 
C 4 - 4 5 6 1 ( 8 ) 3566(3 ) 6572(4) 56 (2 ) C(5) -1058 8 2735 3 7353(3) 53 2 
N(2) - 3 1 8 0 ( 6 ) - 1 0 1 3 ( 2 ) 1905(3) 4 8 ( 1 ) 0 3 -3684 9 -537 2 2665 3 93 2 0(4) -1605(9) -798(3) 1353(4) 113(2) 0(5) - 4 1 1 0 ( 8 ) -1691(2) 1731(3) 95(2) 
Complex 22 
AeQ) 2306(1 ) 377 (1 ) 469(1) 54(1) C l ( l ) 3124(5) 1082(2) 3112(2) 56 (1 ) 
0?3) 3807 22) 573 8 2305 7 142 1 0 ( 4 ) 4160(19) 1929(6) 3029(10) 127(1) 
0 5 ^204 19 678 6 4070 6 96 4) 0 ( 6 ) 500(15) 1169(6) 3023(8) 96 (4 ) 
0 ( 1 ) 19 (11 ) 1589(4 ) 367(5) 50 (2 ) 0 ( 2 ) -3740 (12 ) 924(4) - 3 6 ( 6 ) 64 (2 ) 
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Table 6.1. Atomic coordinates (x 104) and equivalent isotropic thermal 
parameters (A^xlO^) {continued) 
C( l ) -2318(16) 1561(5) 304(6) 40(3) C(2) -3722(18) 2381(6) 571(8) 56(3) 
N ( l ) -1934(13) 3030(4) 1120(5) 42(2) C(3) -609(20) 3558(6) 584(8) 57(3) 
C(4) 1186(20) 4113(6) 1087(9) 63(4) C(5) 1608(22) 4136(7 ) 2152(10) 73(5) 
C(6) 281(24) 3597(7) 2683(8) 71(4) C(7) -1535(20) 3048(7) 2164(7) 61(4) 
Complex 23 
Ak(1) 3653(1) 496(1) 438(1) 50(1) 0 (3 ) 2883(5) 1460(5 ) 1631(2) 71(1) 
0 ( 4 ) 1880(4) 3163(5) 857(2) 69(1) 0 (5 ) 2256(5) 4 1 3 4 ( 5 ) 1896(2) 76(2) 
N(2) 2335(4) 2946(5) 1460(2) 43(1) 0 (1 ) 2460(4) - 1 8 5 1 ( 4 ) 23(2) 63(1) 
0 (2 ) 4524(4) -2609(5 ) -613(2 ) 71(1) C( l ) 3136(6) - 2 8 0 4 ( 6 ) -404(2) 40(1) 
C(2) 2102(5) -4377(6 ) -647(2 ) 38(1) N( l ) 2651(4) - 5 3 5 5 ( 4 ) -1284(1) 33(1) 
C(3) 1278(5) -6604(6 ) -1515(2 ) 42(1) C(4) 840(7) - 8 0 3 9 ( 7 ) -1010(3) 65(2) 
C(5) 4180(5) -6386(6 ) -1109(2 ) 42(1) C(6) 4804(6) - 7 5 4 1 ( 7 ) -1683(2) 60(2) 
C(7) 2983(5) -4076(5 ) -1875(2) 40(1) C(8) 1669(7) - 2 7 1 6 ( 7 ) -2020(3) 65(2) 
Complex 24 
A e ( l ) 979(1) 479(1) 355(1) 51(1) 0 (1 ) - 304 (4 ) 1613(3 ) 369(3) 45(2) 
0 ( 2 ) -1858(4) 858(3) -131 (3 ) 42(2) C( l ) - 1356 (6 ) 1533(4 ) 189(4) 30(2) 
C(2) -2147(6) 2364(4) 339(4) 36(2) N ( l ) - 2150 (4 ) 2724(3) 1279(4) 34(2) 
C(3) -1011(6) 3195(6) 1514(6) 59(3) C(4) - 6 9 6 ( 8 ) 3988(7) 934(8) 98(5) 
C(5) -3134(6) 3424(5) 1366(5) 47(3) C(6) -4343(6 ) 3061(6) 1312(6) 64(3) 
C(7) -2333(8) 1931(5) 1917(5) 57(3) C(8) -2480(9 ) 2170(6) 2883(5) 79(4) 
C i ( l ) 0 -111(2 ) 2500 63(1) 0(01) -721 (11 ) - 2 9 2 ( 8 ) 1734(7) 103(5) 0(02) -484(11) 669(7) 2898(7) 86(4) O(Ol') 1103(8) 88(9) 2135(7) 85(4) 
0 ( 0 2 ' ) 38(12) -876(7 ) 3024(8) 92(4) Cl(2) 2500 5000 1375(2) 53(1) 
0(03) 1530(6) 5107(6) 1932(5) 127(4) 0(04) 2320(10) 4 2 4 2 ( 6 ) 893(7) 174(5) 
Complex 25 
Ak(1) 7758(1) -430(1 ) 5467(1) 44(1) 0 (3 ) 8578(1) 616 (6 ) 5048(2) 70(1) 
0 ( 4 ) 9387(1) 392(8) 5938(3) 94(2) 0 (5 ) 8990(2) 4 1 2 1 ( 6 ) 5717(3) 91(2) 
0 (6 ) 8821(1) 1253(7) 6712(2) 83(1) C l ( l ) 8948(1) 1613(2) 5855(1) 44(1) 
0 (1 ) 7362(1) 1208(4) 4054(2) 50(1) 0 (2 ) 7038(1) - 2 1 3 5 ( 4 ) 3287(2) 39(1) 
C( l ) 7130(1) 67(5) 3317(2) 33(1) C(2) 6978(1) 1491(6) 2383(2) 38(1) 
C(3) 6661(1) 192(7) 1494(2) 40(1) N( l ) 6152(1) 79 (5 ) 1483(2) 35(1) 
C(4) 6001(1) -1722(6) 1934(2) 43(1) C(5) 5528(1) - 1 8 4 9 ( 7 ) 1917(3) 52(1) 
C(6) 5216(1) -123(8 ) 1445(3) 56(1) C(7) 5377(1) 1734(8) 990(3) 55(1) 
C(8) 5847(1) 1792(7) 1016(2) 46(1) 
Complex 26 
Ag( l ) 7189(1) 5404(1) 4596(1) 47(1) 0 (3 ) 6383(2) 4 8 5 4 ( 9 ) 4834(3) 71(2) 
0 (4 ) 6181(2) 3116(11) 3380(4) 92(3) 0 (5 ) 5656(2) 3913(13 ) 4111(5) 110(3) 
N(2) 6068(2) 3912(10) 4098(4) 54(2) 0 (1 ) 6993(1) 7829(7) 3251(3) 48(2) 
0 (2 ) 7399(1) 11267(7) 3930(3) 51(2) C( l ) 7123(2) 10047(9) 3212(4) 39(2) 
C(2) 6953(2) 11362(11) 2187(4) 45(2) C(3) 6617(2) 9872(11) 1332(4) 46(2) 
N ( l ) 6120(2) 9801(8) 1386(3) 40(2) C(4) 5979(2) 7935(11) 1873(5) 48(2) 
C(5) 5523(2) 7890(13) 1928(5) 55(3) C(6) 5209(2) 9764(13) 1471(5) 59(3) 
C(7) 5365(2) 11677(13) 988(5) 56(3) C(8) 5820(2) 11655(11) 947(4) 49(2) 
Complex 27 
Ag( l ) 448(1) 580(1) 1739(1) 55(2) 0 (3 ) 644(4) 2104(4 ) 382(7) 106(3) 
0 ( 4 ) 1309(3) 3568(4) 701(6) 77(3) 0 ( 5 ) 1237(6) 2838(6) 2454(9) 148(6) 
N(2) 1038(3) 2861(4) 1187(6) 58(3) 0 (1 ) 1545(3) 6 9 ( 4 ) 3851(4) 57(2) ‘ 
0 (2 ) 886(2) 453(3) 5083(4) 51(2) C( l ) 1515(3) 1 5 7 ( 4 ) 4998(5) 36(2) 
C(2) 2310(3) -106(5 ) 6451(6) 45(2) C(3) 2666(3) - 1 1 8 2 ( 5 ) 6333(6) 43(2) 
N ( l ) 3453(3) -1531(4) 7725(5) 44(2) C(4) 3676(5) - 2 6 2 9 ( 5 ) 7424(7) 67(3) 
C(5) 4147(4) -782(5 ) 8032(8) 72(3) C(6) 3330(5) - 1 5 9 8 ( 7 ) 9017(7) 84(4) 
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Table 6.1. Atomic coordinates (x 104) and equivalent isotropic thermal 
parameters (A^xlO^) {continued) 
Complex 28 
A c n � I L l i m 4377(1 ) 156(1) 54 (1 ) Ag(2) 5736(1) 4761(1) 903(1) 58(1) 
，? fift^l 4029 5 1940 7 166 7 0 ( 1 1 ) 3681(11) 3879(3) - 5 6 9 ( 4 ) 6 3 ( 2 � 
° ' " o a O t l l l c l ) 1 3 49 2 C 11 5851(15) 3879(3) - 4 4 7 ( 5 ) 4 5 ( 3 ) ？盟 7 2 0 8 a 6 346^(4) -906 5 50 3 C(13) 8507(18) 3110(4) -323 (6 ) 54 3 
S � 9 6 4 5 n 2 2615 3 -682 4 44 2) C(14) 11035(16) 2746(4) -1372(6 ) 55 3 二识、iToiaV) 2200 4 -915 7 64 4 C(16) 11267(21) 2416(5) -22(7) 71(4 
^ ' ' 4947 3 1015 3 46 2) 0 ( 2 2 ) 3340(9) 5164(3) 1710(3) 49 2 ？ i J s U 5147 3 1600 5 39 (3 ) C(22) - 3 3 2 ( 1 5 ) 5392(4) 2215(5) 53 3 恐 1^97 n 5569 3 2941 4 38 2) N(2) - 3 5 6 ( 1 1 ) 5725(3) 3631(4) 41 2 
= i ^ I o n g 5860 5 4314 6 62 4) C(25) -1861 (18 ) 5269(4) 3870(6) 62 (4 ) 冗 t m s a ' 6199 3420 6 63 4 C l ( l ) 3955(5) 7321(1) 3241(1) 576(8) 
' ^ ^ -21^9 30 7684 6 3137 8 167 7) 0 ( 0 2 ) 6105(31) 7472(8) 3016(12) 207 10 ？it? 26 6857 5 2763 6 130 5) 0 ( 0 4 ) 4194(19) 7135(5) 4021(5) 109(4) 
° to49 1) 3919 2 627 9 0 05) 3306(22) 4575(4) 4121(6) 170(5) 
5906 17^ t o t l ( \ ] 3588 7 159 5 � 0 7 ) 3793(20) 3748(4) 4606(6) 142(4) 
Z l ] 1975(20) 3^79^5) 3390(7) 343(16) 0(2w) 1542(31) 3608(5) 1434(8) 1 5 4 ( 7 � 
Complex 29 
, , 1 � 2455(1) 39 (1 ) N(2) 2438(2 ) -3166(5 ) 1565(2) 33 (1 ) 放） f s 6 9 2 l o 2 8 5 2035 2 41 1 0 4 3224(2) -4022(5 ) 1351(2) 4 4 ( 1 ) 
0(3) 〒二 ？ ⑵ 1 1 9 1 2 59 1 0 1 3763(2) 3886(4) 3516(2) 33(1) 二 5認 2 "72^6 5 3 33 2 33 1 C I 4180 3 6124(6) 3813(2) 25 (1 ) ° 2 5023 2 7226 5 3733 2 2522(2) 6909(5) 4251(2) 24 (1 ) 
3669 3 7815 6 ^381 2 4 1358(3) 3945(7) 4657(3) 40 (1 ) 
5 405^3) ^277^8) 4 0 0 8 0 ) 4 2 ( 1 ) C^S) 541(3 ) 7394(9) 3497(2) 42 (1 ) 
C(7) 1602(3) 8179(7) 3615(2) 33 (1 ) 
Complex 30 
A /IN A077n>> S 5 9 m 2262(1) 4 0 ( 1 ) 0 ( 1 ) 6574(4) 6467(11) 6979(3) 41 (2 ) 
V 6 5 n U ) 7828 4 58(2 0 4 6420(4) 2490(9) 3953(3) 38(1) 
° 5250 4 - 2 0 a 0 3718 3 32(1； N ( l ) 7500(4) 7 5 ( i p 5479(3) 
")：( V^oDf.i S 6 6 2 � 1 3 ; 7198(5) 31 (2 ) C(2) 7927(5) 3420(14) 6610(4) 29 (2 ) 
Cc 2 89 i 5 6 6 7 l f ) 35 (2 ) 0(4； 9334(5) 511(14) 6131(5) 35(2) 
7M�1Zt( 5532^5^ 31 (2 ) C(6) 7188(5) 2098(12) 5997(4) 25(2) 
Cc((?)) 6652^ 5^ ) -UIS^U! 26^ 2^  c W 6070(5) 272(12) 4121(4) 24(1) 
0( lw) 8706(4) 10709(11) 9006(4) 4 5 ( 2 ) 
Complex 31 
〜门、loqvi^ 2500 1129(1) 14 (1 ) S ( l ) - 1 5 9 5 ( 1 ) 2500 1673(1) 13 (1 ) 
= 9 7 7 I 2500 210^(3 25 1 0 4 - 2 4 1 8 ( 4 ) 2500 2588(4) 35(1) 
0� - i t 4 0 U ( 5 ) ^008 3 � ( ( 1 ) ) 0 ( l w ) 1 0 5 1 ( 3 ) � 995(3) 23 (1 ) 
i i i i i i lilli i i . 1 C(4) 5720(5) 4019(7) -1030(4 ) 33 (1 ) C(5) 6283(7) 2500 - 8 1 1 ( 6 ) 39 (1 ) 
Complex 32 
r " n � I 8 3 2 n ^ 0 3175(1) 2 9 ( 1 ) C l ( l ) 1165(1) 0 5420(2) 4 8 ( 1 ) 
a 2 i m i 0 650^1) 39((1)) O(lw) 1918(1) 2681(4) 3408(3) 3 
0 ( 1 ) 2591(1) 0 1688(4) 35 (1 ) 0 ( 2 ) 3287 2 0 3817 4 38 1 
r } i i 0 2297(6) 30 (1 ) C(2) 3644(2) 0 928(6) 38 (2 ) 
N ^2^3 2 0 '1655^5) 29^(1) c l s j 4561(2 ) 1607(5) 2013(5) 4 4 ( 1 ) 
C(4) 5148(2) 1620(7) 2748(5) 5 9 ( 1 ) C(5) 5439(2) 0 3 1 2 4 ( 8 � 56 (2 ) 
0(2w) 2713(2) 5000 1903(5) 5 3 ( 1 ) 
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Table 6.1. Atomic coordinates (x 104) and equivalent isotropic thermal 
parameters (A^xlO^) {continued) 
Complex 33 
. 0 0 20 (1 ) 0 (1 ) 1202(2) 1202(2) - 9 9 ( 6 ) 38(1) 
C(( L F •丨 5丄 CC. . - S C . 333.3> aseSC. 二 
S 溫 - 5 U ( 1 2 ) 5 6 6 n U ) -55° (U) “ 0((03)) 0 5000 -1056(13) 85(6) 
Complex 34 … - � 
0 0 0 28(1 ) 0 (11) 229(4) - 1 3 1 0 ( 4 ) 9 2 2 ( 2 ) . 44 p 
i - i i i i i i i i i i l l i i H i . S i 
1 1 111111 ii 111 i 11 1 11 i 1 ii ii 11 ii 
i i ' ii；! l i i i i i ；;is s 二 i , 二 ！ 二 ! s s 
Complex 35 
…， ccc-i 00/-IN Cl(2) 2276(2) 6178(2) - 6 2 0 ( 6 ) 78(2) 
？^r?� 6667 " i s n 10 3 S i -26 1 4477 (1 ) 1101(2) 22(1) 
冗〒 I o n , l l V i m 3329 4 3^(1 0 (11 630(3) 4501 (4 ) -799(10) 33(3) 
1 i i 1 1 1 1 1 ； i i i l l i i 麗 
ii 11 ii 11 ii ii ii | _ 
C l ( 4 ' ) 2307(36) 2184(36) 6417(100) 189(24) 
Complex 36 
二 二 丨 ； 丨 2 溫 二 一 (『 � � ( 3 ) ，巧留 I I 
忍？ 二 )〉二 ((?) 二丨 3 ? )溫 )） c a -
Cc((it>> 丨 : -C3> CC ：^  
0 21 4324(3) 3461(3) 582 (2 ) 32(2) 0 22 4798 3 4099 3 "948 2 29 2 
r � , l ( 3 4 2 3 ( 4 � - 2 1 5 ( 3 ) 26(2) C(22) 4128(5) 2367(4) ^"U； m e t 'tsi'cs') -llis'o') 29((2)) C(23) 4906(5) 2355(5) -1348(4) 
C(24) 4709(6) 2427(6) - 2 6 6 6 ( 4 ) 56(3) C 25 3560 6 2563 6 -2724 4 55 3 
C(26) 2569(6) 2688(6) - 1 9 6 7 ( 4 ) 52(3) C 27 2769 5 2653 5 -1172 3 40 3 
Cu(2) 4708(1) 9815(1) 5908(1) 22(1) 0 2w 4609 3 9192 3 7383 2 38 2 
0(32) 3514(3) 11423(3) 4290(2 ) 3 3 ( 2 ) 。冗 2995 ^ m 3 6 3 5819 2 30 2 
C 31) 2765(4) 11658(4) 5031(3) 29(2) C 32 1490 4 12699 ^ ^910 3 33(2 
. l u i 5 12400 6 6888(4 55 3 C 37) - 2 4 2 ( 5 ) 12257(5) 6094(3) 39(3) 
0(^2) 5327(3) 11140(3) 5617(2) 32(2) 0 (41) 5908(3) 11413(3) 4088(2) 29(2) 
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Table 6.1. Atomic coordinates (x 104) and equivalent isotropic thermal 
parameters (A^xlO^) {continued) 
C(41) 5775<4) 11652(4) 4819(3) 25(2) C(42) 6111(4) 12692(4) 4 8 1 6 ( 3 ) 28(2) 
N(4) 6894(3) 13152(3) 3943(2) 24(2) C(43) 8044(4) 13054(4) 3947(3) 32(2) 
C(44) 8747(5) 13559(5) 3168(3) 36(2) C(45) 8278(5) 14142(5) 2392(3) 36(2) 
C(46) 7114(5) 14198(5) 2401(3) 37(3) C(47) 6425(5) 13716(5) 3190(3) 35(2) 
N(01) 3020(5) 5074(4) 4410(4) 51(3) 0(01) 2014(6) 5321(5) 4 9 8 9 ( 4 ) 122(4) 
0 (02) 3653(5) 5682(6) 4142(5) 127(5) 0 (03) 3305(5) 4215(5) 4 0 6 7 ( 3 ) 79(3) 
N(02) 1038(4) 4772(4) 573(3) 36(2) 0(04) 1584(3) 5083(3) - 2 2 9 ( 2 ) 48(2) 
0(05) 1252(3) 3637(3) 940(3) 50(2) 0 (06) 285(4) 5568(4) 1027(3) 55(2) 
N(10) 7476(4) 10214(4) -500(3) 44(2 ) 0 (1 ) 6873(5) 9687(4) - 5 8 1 ( 3 ) 71(3) 
0 ( 2 ) 7473(5) 11213(4) -1042(3) 82(3) 0 (3 ) 8089(5) 9741(4) 101 (3 ) 71(3) 
N(20) 8552(4) 9900(4) 5710(3) 40(2 ) 0 (4 ) 8545(4) 10149(4) 4895(3 ) 51(2) 
0 ( 5 ) 8090(4) 10737(4) 6127(3) 61(2) 0 ( 6 ) 9032(4) 8784(4) 6126(3) 71(3) 
0(3w) 2004(3) 3238(3) 2568(2) 48(2 ) 0(4w) 6610(4) 9424(4) 7777(3) 68(3) 
Complex 37 
Cu(l) -1403(1 ) 455(1) -145(1) 26(1) 0( lw) -3776(4) 1130(3) - 3 0 0 ( 3 ) 47(1) 
0(11) -592 (4 ) 1860(3) -583(3) 41(1) 0 (12) 1816(4) 1091(3) - 3 2 4 ( 3 ) 40(1) 
C ( l l ) 809(6) 1897(4) -568(4) 38(1) C(12) 1287(6) 3042(4) - 9 3 7 ( 5 ) 43(1) 
C(13) 2926(6) 3070(4) -745(6) 60(1) N( l ) 3388(5) 4203(3) - 1 0 6 5 ( 4 ) 42(1) 
C(14) 4187(7) 4286(6) -1981(6) 72(1) C(15) 4588(8) 5365(7) - 2 2 7 4 ( 6 ) 96(1) 
C(16) 4191(7) 6278(5) -1606(6) 72(1) C(17) 3388(7) 6174(5) - 7 0 5 ( 6 ) 72(1) 
C(18) 2978(6) 5116(5) -429(5) 54(1) 0 (21) -1405(4) 928(3) 1391(3) 39(1) 
0(22) 990(4) 138(3) 1616(3) 40(1) C(21) -267(6) 676(4) 1938(4) 36(1) 
C(22) -381(6 ) 1009(5) 3134(4) 44(1) C(23) -1844(7) 1777(5) 3433(4) 53(1) 
N(2) -1919(5) 2063(4) 4605(4) 47(1 ) C(24) -2421(7) 1364(6) 5328(5) 66(1) 
C(25) -2425<8) 1592(7) 6407(6) 87(1) C(26) -1911(8) 2535(7) 6765(6) 92(1) 
C(27) -1366(9 ) 3232(8) 6010(7) 136(1) C(28) -1435(8) 3012(7) 4927(6 ) 102(1) 
0(2w) -5195(6 ) -217(5) -1640(5) 87(1) 0(3w) -4055(8) -1693(6) - 3 2 7 5 ( 6 ) 135(1) 
C l ( l ) -9129(3 ) -5965(2) -7672(1) 67(1) 0 (1 ) -8434(7) -5042(5) - 8 0 8 7 ( 5 ) 91(1) 
0 (2 ) -8584(8 ) -6295(6) -6643(5) 122(1) 0 (3 ) -10645(8) -5555(7) - 7 4 8 7 ( 8 ) 191(1) 
0 (4 ) -8982(10) -6904(7) -8341(7) 232(1) Cl(2) -2794(3) -1603(2) - 6 1 3 7 ( 2 ) 91(1) 
0 (5 ) -1703(9 ) -1483(7) -5326(6) 160(1) 0 (6) -2214(8) -1176(6) - 7 0 9 5 ( 5 ) 127(1) 
0 (7 ) -4144(9 ) -887(8) -5745(8) 195(1) 0 (8 ) -2850(9) -2737(7) -6243(7) 239(1) 
Complex 38 
Cu(l) 0 0 0 28(1) L i ( l ) 0 0 -5000 36(4) 
0(1) 1151(3) 1151(3) 58(12) 42(1) 0(2) 960(3) 960(3) -3453(9) 53(2) 
C(l ) 1381(4) 1381(1) -1870(11) 35(2) C(2) 2266(4) 2256(4) - 2 0 5 6 ( 1 0 ) 38(2) 
N ( l ) 2599(4) 2599(4) -4301(10) 44(1) C(3) 3474(6) 3474(6) - 4000 (18 ) 78(1) 
C(4) 3081(6) 1644(7) -5553(11) 66(2) C l ( l ) 5000 5000 0 83(1) 
0(01) 4338(10) 4338(10) 1290(23) 150(5) Cl(2) 5000 5000 0 67(1) 
0(02) 5278(55) -1014(28) 966(91) 65(16) 0(03) 6168(8) 0 0 108(8) 0(05) 4029(19) -2244(31) -1155(53) 73(10) 0(04) 429(23) -440(23) 1854(32) 89(8) 
0(06) 5126(95) -1172(11) -222(108) 85(13) 0 (07) 5000 0 2247(15) 91(7) 
Complex 39 
Cu(l) 2073(1) 2540(1) 649(1) 28(1) Ca( l ) 4869(1) 3078(1) 4 9 7 ( 1 ) 29(1) 
Ca(2) 5595(1) 389(1) 1186(1) 36(1) Cu(l) 2073(1) 2540(1) 649(1) 28(1) 
Ca(l ) 4869(1) 3078(1) 497(1) 29(1) Ca(2) 5595(1) 389(1) 1186(1) 36(1) 
0( lw) 5717(4) 2154(2) 654(3) 60(2) N ( l ) 6360(6) 3518(3) - 8 3 6 ( 4 ) 47(3) 
0 (1 ) 5447(5) 3731(2) -737(3) 70(2) 0 (2 ) 6578(6) 3110(3) - 3 8 2 ( 5 ) 143(4) 
0 ( 3 ) 7027(5) 3690(3) -1361(4) 81(3) N(2) 6064(5) 3830(3) 1696(4) 45(2) 
0 ( 4 ) 5260(5) 4020(2) 1277(3) 66(2) 0 (5 ) 6330(4) 3311(3) 1568(4) 70(2) 
0 ( 6 ) 6568(5) 4141(2) 2206(3) 68(2) 0 (11) 2497(4) 1745(2) 1075(3 ) 33(2) 
0(12) 673(4) 1716(2) 967(3) 46(2) C ( U ) 1557(6) 1493(3) 1171(4 ) 30(2) 
C(12) 1680(5) 915(3) 1644(4) 39(3) N ( l l ) 639(5) 546(2) 1710(3) 42(2) 
C(13) -283(6 ) 855(3) 2152(4) 53(3) C(14) 280(7) 352(4) 855 (5 ) 93(4) 
C(15) 931(8) 20(3) 2258(6) 96(5) 0(21) 2134(3) 2273(2) - 5 3 1 ( 3 ) 35(2) 
0 (22) 3947(3) 2441(2) -481(3) 42(2 ) C(21) 3096(6) 2268(3) - 8 4 9 ( 4 ) 28(2) 
C(22) 3106(5) 2001(3) -1746(4) 31(2) N(21) 4201(4) 1993(2) - 2 2 0 6 ( 3 ) 32(2) 
C(23) 5061(5) 1639(3) -1743(4) 48(3) C(24) 4004(6) 1719(4) - 3 0 7 0 ( 4 ) 65(3) 
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Table 6.1. Atomic coordinates (x 104) and equivalent isotropic thermal 
parameters (A^xlO^) {continued) 
C(25) 4610(6) 2609(3) - 2 3 4 1 ( 4 ) 49(3) 0 (31) 2101(3) 2797(2 ) 1853(3) 35(2) 
0 (32) 3942(4) 2827(2) 1801(3) 46(2) C(31) 3057(6) 2817(3 ) 2181(4) 30(2) 
C(32) 2986(5) 2835(3) 3170(4) 42(3) N(31) 4049(5) 2785(3 ) 3675(3) 42(2) 
C(33) 4785(6) 3303(3) 3527(5) 62(3) C(34) 3740(6) 2774(4 ) 4614(4) 73(4) 
C(35) 4639(7) 2228(3) 3469(5) 76(4) 0 (41) 1459(4) 3291(2) 291(3) 3 9 ( 2 � 
0(42) 3197(4) 3608(2) 219(3) 41(2) C(41) 2190(6) 3673(3) 148(4) 31(2) 
C(42) 1682(5) 4258(3 ) - 1 2 5 ( 4 ) 37(2) N(41) 2468(5) 4 7 6 1 ( 2 ) -297(3) 38(2) 
C(43) 3172(7) 4633(3 ) - 1 0 7 3 ( 5 ) 67(3) C(44) 3174(6) 4 8 9 5 ( 3 ) 470(5) 65(3) 
C(45) 1781(6) 5293(3) - 4 9 2 ( 5 ) 55(3) 0(2w) 4343(3 ) 1118(2 ) 572(3) 41(2) 
N(3) 6933(7) 1472(4) 2337(6) 70(3) 0 ( 7 ) 6259(6) 1130(3 ) 2126(5) 120(4) 
0 ( 8 ) 7274(6) 1553(3) 3049(4) 110(3) 0 ( 9 ) 7330(6) 1799(4) 1772(5) 128(4) 
N(4) 7469(5) - 4 3 1 ( 3 ) 1007(4) 46(2) 0 (13) 7607(4) 65 (2 ) 1331(5) 88(3) 0(14) 6477(4) - 5 9 4 ( 2 ) 918(3) 46(2) 0(15) 8241(5) - 7 3 9 ( 2 ) 787(3) 69(2) 
N(5) 4549(7) 121(4 ) 2786(5) 83(4) 0 (16) 4121(5) 4 7 3 ( 3 ) 2290(4). 78(3) 
0 (17) 5403(5) - 1 4 4 ( 2 ) 2541(3) 70(2) 0 (18) 4191(7) 27 (5 ) 3502(5) 177(5) 
N(6) 3432(5) - 6 3 6 ( 3 ) 599(4 ) 45(2) 0 (23) 4199(4 ) - 2 7 7 ( 2 ) 452(3) 51(2) 
0 (24) 3156(5) - 9 3 5 ( 3 ) - 2 4 ( 4 ) 100(3) 0 (25 ) 3028(5) - 7 0 0 ( 3 ) 1290(4) 83(3) 
* s . o . f - 0 . 5 , 0 . 7 5 , 0 . 2 6 f o r 0 ( 0 1 ) , 0 ( 0 2 ) , and 0(03) i n 33, r e s p e c t i v e l y ; 0 . 4 , 0 . 6 f o r 
C l ( 4 ) , C l ( 4 ' ) i n 35, r e s p e c t i v e l y . The thermal parameters f o r t h e s e atoms are i s o t r o p i c . 
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Table 6.2. Anisotropic thermal parameters (A^xlO^) 
The anisotropic thermal exponent takes the form: -InYLUijhihfSi*'a/ 
Uu "22 U33 U23 U12 Uii U22 U33 U23 U12 
Complex 1 Complex 5 
Cl(l) 59(1) 59(1) 43(1) -3(1) 0 0 Mn(l) 18(1) 28(1) 24(1) 7(1) -3(1) 1(1) 
0(1) 33(1) 76(2) 60(2) -28(1) -4(1) 9(1) o(l) 24(1) 36(1) 29(1) 4(1) -5(1) 5(1) 
0(2) 47(1) 69(2) 47(1〉 -21(1) -14(1) 16(1) o(2) 22(1) 43(1) 37(1) 15(1) -6(1) -7(1) 
C(l) 35(2) 40(2) 39(2) -2(1) 2(1) -2(1) ^ 23 1 22(1 29 1 3 1 -3 1 1 1 
C(2) 35(2) 64(3) 58(2) -25(2) -1(2) 1(2) ”孟 25 1 44 2 40 2 19 1 -11 1 -9 1 
N(l) 38(1) 38(1) 37(1) -9(1) 3(1) 2(1) ⑴ 33 J n J .3 J .4 { 
C(3) 65(2) 43(2) 47(2) 3(2) 19(2) 5(2) ^ J 39 2 31 1 39 2 3 1 -10 1 -1 1 C(4) 76(3) 60(2) 52(2) -2(2) -5(2) 31(2) ⑶ 二 溫 ； $ J J 2 J 2 C(5) 42(2) 73(3) 64(3) -21(2) -2(2) 16(2) ^ ； 67 3 58 2 J 2 8 2 -20 2 -9 2 C(6) 45(2) 63(2) 56(2) -7(2) 14(2 -6 2 c 6 95 3 53 2 36 2 -12 2 -8(2 5 2 
C(7) 53(2) 43(2) 40(2) 1(2) 5(2) 5(2) c(7) 52(2) 42(2) 48(2) 0(2) 4(2 9 2 
0(lw) 52(2) 108(3) 60(2) -5(3) 0 0 ci(l) 42(1) 46(1) 41(1) -9(1) -6(1) 5(1) 
Complex 2 0(3〉 30(1) 45(1) 35(1) -6(1) -7(1) -3(1) 
0(1) 46(1) 48(1) 63(2) -1(1) -1(1) 17(1) Complex 6 0(2) 63(2) 67(2) 53(2) 20(2) -2(1) 15(1) 师 ） 3 1 ( 1 � 31 � ig �� 0 15(1) 
C(l) 46(2) 29(2) 52(2) -1 2 "6 2 0 2 ^n ? 31 1 31 1 16 1 0 0 15 1 S 出 sslll 29(U 38 1 4 �� 37(2) 52(2) 26(2) -1 � - 2 � 26(2) N(l) 35(1) 29(1) 38(2) 丄（^JJ U^； 丄、丄J 34f2� 35(2^  36(2^  -Ifl gn 16(2) 
C(3) 46(2) 51(2) 58(2) 14(2) 1(2) 16(2) ° ^ 34 3 34 3 25 2 6 2 4 2 16 2 
C(4) 61(2) 41(2) 53(2) -15(2) 6(2) -2(2) 溫 47 3 ；^)]] “ 2 -7 2 -4 2 30 3 
C(5) 48(2) 54(2) 64(3) 12(2) 8(2) -11(2) 溫 二 ⑷ „ 3 32 2 -5 2 0 2 33 2 
Cl(l) 41(1) 61(1) 49(1) -24(3) 0(1) -19(3) ^ ； 73 5 91 6 38 3 11 3 17 3 56(1) 0(lw) 51(3) 209(6) 53(3) -26(15) 0(2) -48(10)品 79(5) loil] 46；3) sil) -12；3) 66(5) 
Complex 3 C(5) 59(4) 46(4) 100(5) -11(4) -1(4) 32(3) 
^ … 、 ^ Mn(3) 60(1) 60(1) 34(1) 0 0 30(1) 
Br(l) 43(1) 44(1) 46(1) 0 2 1 0 ci(l) 55(1) 55(1) 34 1) 0 0 27(1) 
0(lw) 55(3) 187(8) 38(3) 0 -9(3 0 ci(2) 77(1) 85(1) 65(1) 5(1) 25(1) 42(1) 
0(1) 41(3) 109(5) 37(2) 0 1(2) 0 
0(2) 45(3) 73(4) 41(3') 0 13(2) 0 Complex 7 
C(l) 38(3) 39(3) 43(4) 0 0(3) 0 Co(l) 36(1) 23(1) 29(1) -1(1) 15(1) -2(1) 
C(2) 36(3) 53(4) 30(3) 0 4(2〉 0 ci 1 69 1 60 1 45 1 7 1 23 1 9 1 
S � 3 3 ^ 3 ^ �3 � 28^ 3) 0 -诏)> 0 � ( ^ 3识；.l[l] IT i^i -7 出 � ll^ rll si i llrW 0 '7 3 0 0(2w) 52(1) 30(1) 36(1) 2(1) 16(1) 6(1) 冗 is 0 ！7 t llnl In^ 2 2 � m 0(3w) 68(2) 66(2) 52(1) -4(1) 17(1) -7(1� 
C(5) 45(2) 47(3) 50(2) 6(3) -2(2) 10(2) o(4w) 77(2) 96(2) 62(2) 15(1) 31(2) 29(2) 
Complex 4 0(1) 50(1) 27(1) 45(1) -1(1) 28(1) -6(1) 
r v i 、 川 1 、 • � s^^n、 1 7 m 7 m 2 m 0(2) 89(2) 35(1) 63(1) -17(1) 50(1) -24(1) ° J 巧 〒 = " 1 6 1 i i C(l) 41(2) 36(2) 36(1) 0(1) 17(1) .5(1) 
0(2) 37(1) 37(1) 53(1〉 -4(1) -6(1) -9(1) c(2) 60(2) 31(1) 51f2) 1(1) 3 4⑵ -5(1) 
C(l) 34(2) 23(1) 34(2) 2(1) -6(1) 2(1) 邸 36 1 41 1 42 1 2 1 18 1 2 1 
C(2) 27(1) 23(1) 27(1) 2(1) -3(1) 2(1) ^ 3 48 2 60 2 65 2 16 2 15 2 19 2 C(3) 29(1) 29(1) 36(2) 3(1) 2(1) -2(1) c 4 67 2 63 2 57 2 1 2 42 2 3 2 
C(4) 34(1) 35(2) 31(2) 3(1) 5(1) 6(1) e g 44 2 71 2 62 2 -29 2 16 2 -9 2 
C(5) 40(2) 26(1) 28(2) 1(1) -1(1) 7(1) ^ ^ ^ ‘ …） ^ ^ 丄、） • 
N(l) 27(1) 22(1) 30(1) 4(1) -2(1) 1(1) Complex 8 
？ 。 2 』 ⑴ 2 6 ( 1 ) 3(1) -1(1) 3(1) co(l) 24(1) 32(1) 36(1) -15(1) 4(1) -9(1) 
盟 2 9 a i l a l 27 1 o a m I m _ 33(i) 51(1) 47(1) -20(1) 8 ⑴ - i 7 ( i ) 0 3 56 i 39 i 40a id) .2m -10 1 0(11) 32(1) 70(1) 43(1) -32(1) 2(1) -3(1) 
二 ton? ⑴ Anl 14 IN 0(12) 36(1) 134(2) 68(1) -63(1) 14(1) -26(1) 0 ( 4 � 42(1) 34(1) 50(1) 15(1) - U ( l � - 1 4 ( 1 ) c ( l l ) 35(1) 53(1) 40(1) -19(1) 5(1) -8 (1 ) 
C(12) 35(1) 61(1) 46(1) -28(1) 8 (1) -8(1) 
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Table 6.2. Anisotropic thermal parameters (A^x 10^) {continued) 
Complex 10 
_ 關 麗 圍 i l i i i i : i 灣 
C(17) 51(1) 49 1 3/(1 -20 1 ^ 1 ^ 36(1) 40(1) -3(1) 7(1) 7(1) 
0(21) 36(1) 34(1) 75(1 -23 1 ^ 1) 12 1 ^ 32(1) 29(1) -7(1) 2(1) -5(1) 
0(22) 45(1) 54(1) 106 2 -41(1 24 1 -24 1 C I ^ 1 30(1) -2(1) 7(1) -2(1) 
C(21) 43(1) 39(1 42 1 -17 1 ^ ^ ^  26 1 27 1 27(1) -4(1) 4(1) 0(1) 
C(22) 55(1) 40(1) 63 2) -26 1 18(1) -21 1 ^ J 31 i 38 1 34(1) -5(1) 1(1) -5(1) 
N ( 2 )从⑴ 30(1) 41 1 -16 1 2 1 -8 1 C (3 31 1 ^ 52 -2(1) 11(1) -9(1) 
i i i i i 1 - i i i i s i s ：憩 h s 
C(27) 76(2) 43(1) 39(1) -19(1) -8(1) 0(1) complex 11 
Co(2) 43(1) 38(1) 39(1) -19(1) U l ) -7 1) 35(1) -6(1) -7(1) -2(1) 
CI ⑴ 70(1) 5 冗 ) 4 9 1 -26(1 -25出 绍 i 29(1 42 1 49 1 -14(1) -5(1) 7(1) 
Cl(2) 66(1) 48(1) 56(1 -17(1) -18 1) - W ) 溫 冗 63(1) -21(1) -16(1) -13(1) 
Cl(3) 52(1) 66(1) 47(1 -18 1 4 1 -25 1 二 溫 44 1 -2(1) -16(1) -5(1) 
0(31) 45(1) 46(1) 63 1 -32 1 -⑶ 二 43 1 30 1 55 2 -6(1) -16(1) -1(1) 
0(32) 37(1) 69(1) 73(1) -34 1 -7 1) 1 1) 盟 28 1 32 2 31 1) -4(1) -6(1) -2(1) 
C(31) 44(1) 46(1) 38(1) -20 1 -7(1 0 1 C 11 28 1 32 2 . 3 1 -19(1) -4(1) 
圓 _ _ 國 國 圓 i i 
C(37) 52(1) 44(1) 44(1) -17(1〉 0(1) -2(1) C 17 41(2) 4 9 U ) “，((？）-仙-1(1) -3(1) 
Complex 9 0(22) 38(1) 33(1) 75(2) -11(1) -8(1) -3(1) 
溫丨绍丨丨丨丨；丨•丨si 1 l i i i H i i i i i : i i i i ; 
0(2w) 30(2) 28(2) 58 3 0 2 -5(2 0 2 N 2) 26 1 3溫 .g 1) -3(1) -4(1) 
i i i i i i i i 僅 i i ! i i I i : i i J i 
C(3) 57(5) 46(5) l O l W 22(4) 38(4) 0(4) complex 12 Cc((t)) ；；”“ f3((r)�8((4?) -iig)) 23 t � 20a) 31(1) 0 0 0 
溫）27 1 2 a 8 1 -5 1 4 1; -3(1) Cl(l) 50(1) 55(2) 66(2) 0 6(1) 0 
i丨丨丨丨:丨丨丨丨丨丨；丨-丨丨；丨；丨；丨溫oS i i 丨 ： 
⑵】；⑵;；二！】；：》沒2治-盟； S 2 
C(6) 28(3) 33(3) 30(3) l O ) 1(3) 0 N(1 6 ： . n 7 -42(8) 49(6) 
i i i i i i i :•丨 i i 3 E i i S 二 滥 ) ， s 
C(9) 69(5) 62(5) 86(6) -28(4) -16(4) 31(4) Complex 13 
S识） 8 � ( ( �！二 )）fsr.i - 识 ) ) - i 冗 ) � Z n ( X ) 3 . a ) 33(1) 30(1) OU) 7(1) U l ) 
sif) 溫 1 � i t冗； r s i f )：⑵ t ;：；说 c i s i 
0 7 79 4 71 4) 82(4) 28(3) -7(3) -26(3) 0(11) 33(2 38 2 44 2 -3 2 1 2 3 2 
N 4 56 4 38(4) 43(3) -7(3) -11(3) 1(3) 0(12) 40 3 42 ^  57 3 -7 2 17 2 5(2 
0 8 103 5) 79(4) 95(4) 9(3) 54(4) 0(3) C(ll 35 3 44 4 22 2 2 2 2(2 5 3 
0 9 97(4) 42(3) 57(3) -10(2) 0(3) 10(3) C(12 37(3 47 4 39 3 -2 3 7 3 4 3 
0(10) 102(4) 36(3) 76(4) .3(3) 19(3) 8(3) C(13) 39(4) 44(4) 340^) -2(3) ^1(3) 
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Table 6.2. Anisotropic thermal parameters (A^x 10^) {continued) 
C(14) 41(4) 38(4) 39(4) -2(3) 13(3) -1(3) Cl(3) 53(1) 51(1) 36(1) -13(1) -12(1) -13(1) 
C(15) 60(5) 44(4) 38(3) -5(3) 21(3) -10(4) 0(11) 32(1) 28(1) 57(1) -18(1) -15(1) -2(1) 
C(16) 49(4) 51(4) 39(3) -9(3) 5(3) 3(4) 0(12) 36(1) 41(1) 34(1) -19(1) -8(1) -1(1) 
C(17) 43(4) 47(4) 50(4) -11(3) 14(3) -9(3) C(ll) 23(1) 30(1) 36(1) -14(1) -4(1) -8(1) 
C(18) 55(4) 36(3) 45(3) -1(3) 23(3) -4(3) C(12) 31(1) 29(1) 26(1) -9(1) -6(1) -2(1) 
0(21) 48(2) 53(3) 27(2) -5(2) 5(2) -7(2) N(l) 27(1) 27(1) 29(1) -13(1) -2(1) -3(1) 
0(22) 61(4) 167(6) 54(3) -45(4) 22(3) -55(4) C(13) 31(1) 36(1) 48(2) -15(1) 0(1) -12(1) 
C(21) 48(4) 57(4) 37(3) -5(3) 8(3) -21(4) C(14) 46(2) 31(1) 62(2) -13(1) -4(1) -14(1) 
C(22) 52(4) 71(5) 35(3) -8(3) 9(3) -20(4) C(15) 44(2) 29(1) 53(2) -15(1) -11(1) 1(1) 
C(23) 76(5) 81(6) 38(4) -18(4) 14(3) -40(5) C(16) 31(1) 35(1) 50(2) -15(1) -9(1) -3(1) 
N(2) 35(3) 54(3) 30(2) -8(2) 9(2) -12(3) C(17) 32(1) 32(1) 37(1) -10(1) -5(1) -10(1) 
C(24) 75(6) 76(5) 51(4) 2(4) 4(4) 41(5) 0(21) 46(1) 26(1) 32(1) -7(1) 3(1) -8(1) 
C(25) 191(12) 41(5) 59(5) -13(4) 27(7) 12(6) 0(22) 32(1) 37(1) 37(1) -9(1) -4(1) -13(1) 
C(26) 100(8) 130(9) 46(5) -14(5) 5(5) -81(8) C(21) 32(1) 26(1) 29(1) -12(1) 1(1) -9(1) 
C(27) 35(4) 228(14) 49(5) 6(7) 9(3) 20(7) C(22) 33(1) 29(1) 40(1) 0(1) -10(1) -9(1) 
C(28) 68(5) 122(8) 39(4) 2(4) 22(4) 46(5) N(2) 26(1) 29(1) 30(1) -7(1) -3(1) -9(1) 
, , , C(23) 53(2) 42(2) 44(2) -13(1) -13(1) -18(1) 
Complex 14 c(24) 67(2) 35(1) 59(2) -18(1) -7(2) -20(1) 
Cd(l) 27(1) 21(1) 18(1) -1(1) 0 0 C(25) 57(2) 29(1) 44(2) -2(1) -3(1) -11(1) 
Cl(l) 24(1) 37(1) 24(1) 2(1) 0(1) 3(1) C(26) 55(2) 40(1) 29(1) -7(1) -2(1) -14(1) 
0(1) 54(4) 22(2) 27(3) -5(2) 0 0 C(27) 47(2) 36(1) 30(1) -13(1) 0(1) -16(1) 
0(2) 62(5) 18(2) 36(3) -1(2) 0 0 complex 18 
C(l) 29(3) 20(3) 29(3) -3(3) 0 0 Complex 18 
C(2) 36(4) 20(3) 23(3) -1(3) 0 0 Hg(2) 62(1) 46(1) 40(1) 10(1) 11(1) 9(1) 
N(l) 31(3) 20(2) 24(3) -4(3) 0 0 Cl(3) 78(3) 60(3) 41(2) 6(2) 1(2) 13(2) 
C(3) 42(4) 27(3) 35(5) -4(4) 0 0 Cl(4) 65(3) 49(2) 44(2) 14(2) 9(2) 12(2) 
C(4) 45(4) 34(3) 50(4) -2(3) -22(3) 2(3) Hg(l) 54(1) 51(1) 43(1) 13(1) 10(1) 9(1) 
1 ,聚 C I⑴ 63(3) 73(3) 43(2) 9(2) 8(2) 17(2) 
Complex 15 ci(2) 76(3) 64(3) 44(2) 16(2) 1(2) 1(2) 
Cd(l) 33(1) 37(1) 25(1) 2(1) 6(1) -1(1) 0(1) 55(9) 19(6) 72(11) 17(6) 40(9) 9(6) 
Cl(l) 39(1) 34(1) 46(1) -3(1) -2(1) 9(1) 0(2) 64(11) 24(7) 63(10) 16(7) 34(9) 6(7) 
Cl(2) 37(1) 55(1) 34(1) 6(1) 8(1) -5(1) C(l) 65(11) 31(8) 41(9) 0(6) 10(8) 18(8) 
0(lw) 58(2) 60(2) 39(1) -16(1) 3(1) 12(1) C(2) 104(16) 28(8) 34(8) -1(6) 9(9) 13(9) 
0(1) 41(1) 63(2) 35(1) 13(1) 15(1) -4(1) N(l) 45(8) 28(7) 26(6) 4(5) 19(6) 3(6) 
0(2) 36(1) 75(2) 31(1) 9(1) 5(1) 1(1) C(3) 114(22) 56(12) 109(21) 22(12) 82(19) 9(12) 
C(l) 38(2) 35(2) 28(2) 1(1) 12(1) 4(1) C(4) 85(18) 114(21) 51(12) 8(13) -4(12) 43(16) 
C(2) 29(1) 43(2) 29(2) 5(1) 10(1) 0(1) C(5) 153(27) 28(9) 60(13) -3(8) 11(15) -7(12) 
N(l) 31(1) 31(1) 26(1) 1(1) 7(1) -2(1) 。^咖1 时 19 
C(3) 34(2) 36(2) 45(2) -4(2) 11(2) 5(1) Complex 19 
C(4) 44(2) 35(2) 43(2) -7(2) 11(2) -8(2) Hg(2) 84(1) 39(1) 31(1) 10(1) -1(1) 5(1) 
C(5) 49(2) 59(2) 29(2) 9(2) 13(2) -8(2) Cl(3) 145(5) 46(3) 37(2) 11(2) -3(3) 19(3〉 
^ , ’ Hg(l) 49(1) 46(1) 36(1) 6(1) 5(1) -1(1) 
Complex 16 ci(l) 67(3) 65(3) 46(2) 19(2) 7(2) 8(2) 
Cd(l) 40(1) 29(1) 27(1) -1(1) -1(1) -2(1) Cl(2) 81(4) 121(5) 62(3) 26(3) 1(3) 36(3) 
Cl(l) 59(1) 36(1) 34(1) 4(1) 8(1) 9(1) 0(1) 72(9) 61(8) 76(9) -4(7) 40(8〉 -17(7) 
Cl(2) 36(1) 59(1) 31(1) 4(1) 3(1) 4(1) 0(2) 75(8) 46(7) 36(6) -8(5) 15(6) -14(6) 
0(1) 43(1) 41(1) 44(1) -9(1) -7(1) -1(1) C(l) 40(9) 43(9) 55(10) 29(8) 12(8) 7(8) 
0(2) 47(1) 30(1) 64(1) -12(1) -3(1) 4(1) C(2) 32(8) 48(9) 18(6) 7(6) -16(5) 6(6) 
C(l) 36(1) 32(1) 40(1) -7(1) 6(1) -4(1) N(l) 43(7) 41(8) 49(8) 17(6) 11(6) 4(6) 
C(2) 30(1) 31(1) 39(1) -4(1) -7(1) 4(1) C(3) 63(11) 49(10) 37(9) 19(8) 5(8) 0(8) 
N(l) 30(1) 26(1) 41(1) -3(1) -6(1) 4(1) C(4) 62(11) 47(10) 44(10) 11(8) -2(8) 14(8) 
C(3) 43(1) 31(1) 48(1) -9(1) -12(1) 5(1) C(5) 58(11) 47(10) 44(10) -2(8) 3(8) 2(8) 
C(4) 72(2) 56(2) 82(2) -21(2) -41(2) 6(2) C(6) 53(11) 54(11) 62(12) 6(9) 14(9) 6(9) 
C(5) 69(2) 38<1) 49(2) 10(1) -14(1) 3(1) C(7) 49(9) 25(8) 61(11) 16(7) 13(8) 4(7) 
C(6) 103(3) 75(2) 55(2) 10(2) 8(2) -23(2) . , ^ 20 
C(7) 30(1) 47(2) 83(2) -20(2) 3(1) 2(1) complex /u 
C(8) 72(2) 80(3) 87(3) -22(2) 34(2) -17(2) Hg(l) 47(1) 39(1) 58(1) -6(1) 14(1) 4(1) 
^ , ” Cl(l) 51(2) 50(2) 48(2) 6(2) 16(2) 6(2) 
Complex 17 ci(2) 55(2) 75(3) 57(2) -8(2) 11(2) 23(3) 
Cd(l) 25(1) 22(1) 25(1) -4(1) -6(1) -5(1) 0(1) 52(6) 52(7) 76(7) -28(6) 4(6) 8(5) 
Cd(2) 30(1) 30(1) 33(1) -13(1) -3(1) -10(1) 0(2) 61(7) 61(8) 122(10) -34(7) 14(7) 4(7) 
Cl(l) 36(1) 24(1) 41(1) -3(1) -9(1) -9(1) C(l) 58(9) 44(10) 44(8) 11(8) 22(7) 23(9) 
Cl(2) 54(1) 32(1) 38(1) -14(1) -2(1) -15(1) C(2) 55(9) 37(8) 62(9) -8(8) 13(7) 0(8) 
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Table 6.2. Anisotropic thermal parameters (A^x 10^) {continued) 
C(3) 53(8) 27(7) 55(8) -3(7) 10(7) 1(8) 0(2) 38(3) 30(2) 58(4) -10(2) 0(3) 4(2) 
N I 46(7 30 6 45 6) 0(6) 12(6) 2(6) C(l) 33(4) 33(4) 23(4) 3(3) 7(3) 3 3 C 4 44 9 56(10) 34(8) -1(7) 8(7) - 5 ( 8 � C(2) 37(4) 34(4) 38(4) -8(3) -5(4) 6 3 
C 5 69 11) 56(10) 40(9) -5(8) 14(8) 14(9) N(l) 30(3) 33(3) 39(4) -5(3) -4(3) 8(2 C(6) 98(14) 33(8) 79(12) -8(10) 12(11) -6(11) C(3) 38(4) 65(5) 74(6) -27(5) -20(5) 6(4) C(7) 74(12) 78(15) 57(10) -16(9) 18(9) -28(11) C(4) 67(7) 90(8) 137(10) -25(8) 12(7) -43(6) C(8 55(9) 58(11) 47(9) -5(8) 20(8) -10(8) C(5) 50(5) 40(4) 51(5) -9(4) -1(4) 21(4) � … �� ^ C(6) 44(5) 83(6) 66(6) -20(5) 1(5) 12(4) 
Complex 21 c(7) 75(6) 48(5) 47(5) 17(4) 14(5) 21(4) Ae(l) 34(1) 37(1) 79(1) -13(1) 12(1) 5(1) C(8) 94(7) 95(6) 47(5) 6(5) 15(6) 30(7) 
O a i 62 2 53 2 71 2 7 2 5(2) 2(2) Cl(l〉75(2) 55(2) 59(2) 0 1，） 0 
0 1) 30 2 37 2 86 2 -12(1) 12(1) 4(1) Cl(2) 58(2) 48(2) 54(2) 0 0 4 2 0 2 35 2 30 1 65 2 -11 1 8(1) 1(1) 0(03) 77(5) 179(8) 125(6) -87(6) 21(5) -15(5) C(i) 33(2) 27(2) 40(2) 0(2) 8(2) 3(2) 0(04) 196(10) 142(7) 184(9) -117(7) 34(9) 13(8� 
C(2) 29(2) 28(2) 47(2) -6(2〉 6(2) -4(2) complex 25 
Z ] � 2) 30(2) 45(2) - 6 (1 ) 6 (1 ) - 1 ( 1 $ � � ？ ： � . 1 ( 2 ) 3(1) 3(1) -2 � 
C 4 3 36 2 88 3 -23 2 19 2 3(2) 0(3) 55(2) 74(2) 70(2) -19(2) 5(1) -11(2) 
C 5 5^(3 61 3 43 2 1(2) -1(2) -5(2) 0(4) 47(2) 118(3) 120(3) -32(2) 27 2 0(2 
N 2 45 2 48 2 52(2) 1(2) 8(2) 5(2) 0(5) 121(3) 59(2) 76(2) 17(2) 3(2 -32 2 
0 3 127 4 96(3) 56(2) -2(2) 16(2) 56(3) 0(6) 117(3) 87(2) 60(2) 17(2) 49(2 5 2 
0 4 111 4 126 4 119 4 -12(3) 73(3) -27(3) Cl(l) 43(1) 51(1) 39(1) 0(1) U 1 -9(1 �((5)) 1�7((3)) 75(3) 93(3) 3(2) -25(2) -42(3) 0(1) 6.(2) 32(1) .0(1) -U) •沿； 
Complex 22 c(l) 28(1) 34(2) 35(1) -2(1) 5(1) 3(1) 
Ae(l) 43(1) 37(1) 80(1) -20(1) 5(1) 2(1) C(2) 36(2) 35(2) 40(2) 2(1) 9(1) - M l ) 
c f n 62 1 52 1 56 1 0 1 13 1 3(1) C(3) 36(2) 53(2) 32(1) 0(1) 13(1) -3(1) 
0 ( 3 ^ 15iaO) 185 12) 5 5 -46 6 -22 6 93 9 N(l) 34(1) 40(2) 28(1) -1(1) 5(1) 1 1 
0 ^ ) l l l l l ) 73 6 ) ' 21111) 39(7； 37(7) -29(6) C(4) 40(2) 46(2) 42(2) 8(1) 2 
0 � 5 119(7) 92(6) 76(5) 28(5) 10(5) 12(6) C(5) 42(2) 63(3� 51(2) 6(2) 12(2� -4(2 
0 ^ ) 6 ^ 5 75 6 153(8) i s l e j 26(5； 2(4) C(6) 36(2) 80(3) 49(2) -1(2) 10(2) 
0(1 42(3) 30(3) 78(4) -13(3) 10(3) -1(3) C(7) 48(2) 62(3) 49(2) 6 2 4 2 18 2 
0(2) 54(4) 35(3) 107(5) -28(4) 25(A) -9(3) C(8) 52(2) 44(2) 40(2) 8(1) 9(2) 7(2) 
C(l) 55(5) 25(4) 44(5) -2(3) 14(4) 4(4) complex 26 
C(2) 49(5) 35(5) 83(7) -15(5) 5(5) 3(4) Complex 
N 1 剛 23(3) 56(4) -7(3) 14(3) 5(3) Ag(l) 48(1) 37(1) 52(1) 3 1 8 1 2 1 
C 3 78 7 40 5 58(6) 3(4) 24(5) 1(5) 0(3) 50(3) 92(4) 67(3) -17(3 12 2 -7 3 
C 4 76 7 25 5 97(8) -1(5) 41(6) -9(5) 0(4) 105(4) 102(4) 73(4) -26(3) 35 3 2(3 
C 5 77 7 39 6 1 � � ( ( “ -21(6) 9(7) - 9 ( 6 ) � � 53(3) 162(6) 122(5) -39(5) - 4溫 
C 6) 103(9) 56(6) 56(6) -18(5) 14(6) -7(7) N(2) 54(3) 57 3 50 3 -4 3 W ) - 3 0 
C(7) 7 . (7) 5M6) 62(6) 5(5) 30(5) . ( 6 ) 0(1) 36(J) 54(3) J g ) � ( ( • ) � - 溫 
Complex 23 c(l) 32(3) 35(4) 49(3) -2(2) 13(2) 8(2) 
Ag(l) 60(1) 45(1) 45(1) -13(1) 5(1) -4(1) C(2) 40(3) 42(3) 5 4 ( 4 ) 1(3) 13(3) -3(3) 
0(3) 111(3) 57(2) 46(2) 11(2) 17(2) 27(2) C(3) 46(3) 48(4) 43(3 4 3 15 3 1 3 
0(4) 67(2) 94(3) 47(2) 9(2) -2(2) 22(2) N(l) 39(2) 41(3) 36(2) -4(2) 6(2) 0 2 
0(5) 80(3) 69(3) 80(3) -32(2) 9(2) 11(2) C(4) 46(4) 45(3) 50(4) 1(3) 10(3� 1 3 
N(2) 38(2) 48(2) 42(2) -5(2) 9(2) 2(2) C(5) 47(4) 61(4) 59(4) 4 ( 3 � 17(3) -2 3 
0(1) 63(2) 55(2) 73(2) -34(2) 22(2) -12(2) C(6) 38(3) 83(5) 56(4) -3(4) 11 3) 2 3 
0(2) 53(2) 78(2) 82(2) -43(2) 19(2)- -18(2) C(7) 42(4) 60(4) 59(4) -1(3) 4(3) 8 3 
C(l) 43(3) 45(2) 33(2) -4(2) 2(2) -2(2) C(8) 50(4) 48(4) 43(3) 4(3) 6(3) -2(3〉 
C(2) 42(2) 42(2) 29(2) -5(2) 8(2〉 -1(2) complex 27 
N(l) 39(2) 33(2) 26(1) 1(1) 2(1) 0(2〉 ^ 
C(3) 43(3) 41(2) 43(2) -7(2) 2(2) -7(2) Ag(l) 36(1) 91(1〉 34 1 8 1 15 1 5 1 C(4) 77(4) 52(3) 66(3) -7(3) 12(3) -21(3) 0(3) 101(4) 76(4) 93(4) 6 3 11 4 
C 5 39 2 45 2 42 2) 4(2) -4(2) 6(2) 0(4) 96(4) 64(3) 85(4) -19(3) 56 3 -23 3 C 6 59 3 59 3 60 3 -7(3) 1(3) 26(3) 0(5) 238(10) 135(6) 98(5) -20(5) 105 6 -55 6 
C 7 42 2 44 3 32 2 5(2) 4(2) 2(2) N(2) 51(3) 46(3) 65(4) 0 3 20 3 -2 3 C 8 74 4 59(3) 64(3) 29(3) 9(3) 14(3) 0(1) 42(2) 91(3� 37(2) 5(2) 20 2 15 2 ^ 0(2) 33(2) 79(3) 39(2) -2(2) 16(2) 6(2) 
Complex 24 c(l) 32(3) 41(3) 30(3) -1(2) 11(2) 2(2) 
Ag(l) 38(1) 37(1) 80(1) -12(1) 2(1) 10(1) C(2) 34(3) 62(4〉 32(3) -5(3) 10(2) 7(3) 0(1) 29(3) 35(3) 71(4) - 9 ( 3 � 1(3) 4(2) C(3) 34(3) 51(3) 33(3) 1(2) 8(2) 4(2) 
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Table 6.2. Anisotropic thermal parameters (A^x 10^) {continued) 
N m 36(2) 48(3) 35(2) 1(2) 8(2) 4(2) C(5) 32(3) 37(3) 24(3) 1(2) 1(3) 3(3) 
C i 二 47 4 54 4 0(3) 10(3) 11(3) C(6) 22(3) 35(3) 16(2) 0(2) -1 2 0 2 
C 5 2^(3 68 5 87 5 -9(4) 1(3) 3(3) C(7) 28(3) 26(3) 23(3) -1(2) -5(2 -3 2 
C^^) B^C^) U8((7)) .el.； 23(4) 32(5) - < 3 ) - < 3 ) ：冗)） 
Comlex 28 1 31 
八4(12) " l i i " i S n a ) t ( i ) : 广 1 3 � 郎 ） 1 3 丨 t ) � 1 丨 1 ) 广 ） 
oHw 275 18) 130 9 98 7 40(7) 69(10) 68(11) S ( l ) 11(1) 13(1) 15 1 0 5 1 0 
o n ! 37(3) 73 5 80(5 -38(4) 11(3) -3(3) 0(3) 20(1) 41(1) 13(1) 0 1 1 0 二 、 盟 60 4 56 4 -25 3 6(3) 5(3) 0(4) 18(1) 63(2) 32(1) 0 16(1) 0 
° S f l 5 « 5 51 5 ^ 14 4 8 4) 0 5) 36(1) 21 � 38(1) 12(1) -2(1) 5(1 
C u m l ) 47 5 52 5 -11 4 9(4) 7(4) 0(lw) 22(1) 2 0 � 2 7 � - ” 1 ) 工 ^ � 
c n 56 5 46 5 60 6 0(4) 14(5) 13(5) 0 � 1 3 � � ’ ” o i I 
N 1) 41 4 34 4 56(4) 0(3) 6(3) 8(3) 0(2) 11(1) 20(1) 38 1 0 - 1 1 0 
C 14) 35 4 64 6 66(6) -12(5) 11(4) 2(4) C( l ) 21(1) 11(1) 19(1) 0 3 1 0 
c a s 53 6 54 6 85 7 -8(5) 3(5) -16(5) C(2) 15(1) 32(1) 10(1) 0 -4 1 0 
C 16 73 7 74 7 64(7) 7(5) -16(6) 24(6) N( l ) 12(1) 32(1) 15 1 0 3 1 0 
0 21 39 3 56 4 44(3) -16(3) 6(3) 2(3) C(3) 26(1) 31(1) 23 1 - 6 ( � 6 � - 识 
0 22 28 3 68(4) 51(3) -17(3) 7(2) 5(3) C(4) 25(1) 46(1) 28 1 -13(1) 5 1 -9(1) 
C(21) 3^(4) 39(5) 41(4) -6(4) 6(3) 5(4) C(5) 26(1) 68(2) 24(1) 0 0(1) 0 
C(22) 33(4) 76(7) 51(5) -28(5) 8(4) -2(4) complex 32 
怨 f s l ^ ) 恐 t)) - i ^ O JCM 29(1) 32<1) 27(1) 0 1 ( 1 ) � 
二55i� A3 6 79(7) 46(5 -12(5) 3(5) -10(5) C l ( l ) 47(1) 56(1) 40(1) 0 16(1) 0 
t 6 6 5 24(5) -6(5) C l ( l ) 34(1) 52(1) 31(1) 0 -5(1) 0 
C 26 64 6 59 6 66(6) -14(5) 18(5) 21(5) 0(lw) 71(2) 38(1) 51 1 - 1 ^ 1 ) -13(1) 
C l ( l 62 1 61(1) 50(1) -1(1) 1(1) 0(1) 0(1) 23(2) 49(2) 32 2 0 1 1 0 
0(01 195 14) 158 11) 146(10) -19(9) -27(10) 111(11) 0(2) 37(2) 52(2� 24 2 0 0 
0 02 163 14) 225(18) 245(18) 22(14) 115(13) -55(13) C(l ) 30(2) 26(2) 32 2 0 6 2 0 
0 03 190 12 104 8) 92(7) -28(6) -32(7) 18(8) C(2) 25(2) 65(3) 24 2 0 0 2 0 
lOsIa! i fs l^s! 2 8 ( 9 � c | . ) 31(2) 69(3) 5 . ( 2 ) � < 2 ) -8(2) -31(2) 
Complex 29 0(2w) 57(2) 57(2) 43(2) 0 18(2) 0 
Ag(l) 48(1) 35(1) 49(1) -3(1) 34(1) -1(1) complex 33 
=((23)�fs^C^i 33 识)）"a! - l o J l i n l i ^ c u d ) 2X(X) 21(1) 18(1) 0 0 0 
0 4 44 1 54(2) 43(1) 6(1) 27(1) 15(1) 0(1) 40(1) 40(1) 34 2 -4 1 | ⑴ 
0 5 38 2 54 2 86(2) -26(2) 24(2) -13(1〉 0(2) 47(2) ^(2) 6 2- 11 11 -1 盟 
0 1 44 1) 24(1) 42(1) -3(1) 28(1) 0(1) C( l ) 27(1) 27(1) 38 2 -3 1 -3 1 -溫 
0 2 27 1 44(1) 35(1) -2(1) 17(1) -2(1) C(2) 43(2) 43(2) 29(2) -2 1 - 2 1 ' I J 2 
C I 22 1 32 2 21(1) 5(1) 9(1) 5(1) N(l) 38(1) 38(1) 35(2) -6 1 -6 1 "8 ^ 
C 2 25 2 30(2 34(2) -7(1) 16(1) -5(1) C(3) 59(3) 59(3) 56(4) -7(2) -7(2) -31 4 N 1 25 1 27 1 25(1) -5(1) 1A(1) -2(1) C(4) 54(3) 47(2) 51(3) - U ( 2 ) -6(2) 5(2) 
C 3 34(2) 31(2) 28(2) -1(1) 15(1) -1(1) N(01) 131(9) 50(4) 61(5) 0 0 0 
C(4) 46(2) 39(2) 42(2) -4(2) 27(2) -10(2) ^x 34 
C^r?) . 6^(2； SP2)) -1 -识 c u d ) 26(1) 30(1) 29(1) 6(1) 7(1) 9 ⑴ 
Complex 30 C ( l l ) 33(2) 39(3) 43(3) 12(2) 13(2) 1 6 ( 2 � 
Ae(l) 54(1) 38(1) 26(1) -4(1) -8(1) 4(1) C(12) 58(3) 44(3) 41(3) 14(2) 10(2) 18(2) 
45 3 47 3 30 2 -5 2 2(2) 16(2) C(13) 52(3) 50(3) 38(3) 11(2) 5 2 18 2 
0 2 54 4 67 4 49 3 -29 3 -11(3) -1(3) N(l) 42(2) 38(2) 35(2) 7(2) 5 2 6 � 
0 4 46 3 34 2 30(2) 7(2) -14(2) -7(2) C<14) 55(3) 43(3) 55(3 14 2 12 2 5 2 
0 3 28(2) 43(2) 24(2) -1(2) -6(2) -5(2) C(15) 48(3) 68(4) 69(4) U ( 3 ) 16 3 12 3 
N 1 28(2) 33(2) 19(2) 4(2) -2(2) -1(2) C(16) 68(3) 71(4) 47(3) 7(3) 8 3 34 3 
C I 38(3) 33(3) 23(3) 0(2) 4(2) 1(3) C(17) 97(4) 38(3) 55(3) 6 2 5 3 13 3 
C 2 33(3) 33(3) 20(3) 0(2) -1(2) -4(3) C(18) 58(3) 44(3) 48(3 7 2 12 2 -1(2 
C 3 30(3) 50(4) 23(3) 0(3) -4(2) -4(3) 0(21) 36(2) 42(2) 49(2 8 1 16 1 16 1 
C(4) 27(3) 46(4) 32(3) -2(3) 1(2) 3(3) 0(22) 33(2) 43(2) 86(3) 3 ( 2 � 1 6 ( 2 � 2(1) 
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Table 6.2. Anisotropic thermal parameters (A^x 10^) {continued) 
, , , 0 � 'Kin\ l U l ' i 7(2) 18(2) C(26) 45(3) 61(4) 56(4) -20(3) -20(3) -13(3) 
_ � " 5 t t 9 二 i t 2 22 2 13(2 C 27 33(3) 46(3) 44(3) -13(3) -8(2) -16(3) C(22) t ^ M l 二 5 \ l m 13 2 21 2 Cu(2) 22(1) 22(1) 20(1) - 5 ( 1 ) -1 (1 ) -10(1) C(23) 51 3 ^0 2 38 2 10 2 13 2 21 2 36(2) 50(2) 24(2) -3(2) -3(1) -20(2) N(2) 34 2 30 2 32 2 4 1 J U 8 1 28(2) 37(2) 26(2) -7(1) -1(1) -10(2) C(24) 35(2 36 2 47 3 1 2 13 2 5 2 22(2) 30(2) 30(2) -6(1) -3(1) -6(1) C(25) 59 3 33 2 47 3 7 2 22 2 3 2 3) 24(3) 32(3) -4(2) -3(2) -13(2) 
C(26) 68(3 44 3 38 3) U 2 2 ) 溫 32(3) 33(3) -5(2) -3(2) -2(2) 
C(27) 40 2 56 3 43 3 5 ^ J f 2 N 3) ' 21 2 29(2) 31(2) -7(2) -11(2) 1(2) C(28) 36 2 36 2 43 3 3 2 12 2 坑 c 33) 40(3) 45(3) 66(4) -22(3) -23(3) -4(3) CKl) 58 p 52 p 62 1 -11 1 8 1 ^g 3 C(34) 65(4) 58(4) 65(4) -41(4) -26(4) 6(3) 
。。(?) ⑵(品177((8)) -U3((6) 0(37) 3 . (3)丨溫邸)）-•溫-溫 
Complex 35 0(41) 31(2) 33(2) 25(2) -7(1) -2(1) -17(2) 
Cu(2) 33(1) 33(1) .3(2) 0 0 U C l ) 盟 丨 ： 冗 ) � ： ^ 丄 绍 ） 
CU2) 33 2 72 2 104 3 -37(2) 16(2) 6(2 ； 26(2) 25(2) 23(2) -3(2) -5(2) -13(2) 
Cl(3) 141 5 141 5 35 3 0 0 71 2 � “ 32(3) 34(3) -4(2) -10(2) -17(2) 
c u d ) 1 9 1 24 1 20 1 2 1 1 1 10 1 c 44 26(3) 41(3) 41(3) -8(2) -5(2) -15(2) 
Cl ( l ) 33(1) 32 1 41 2 11 1 -2 1 � c 45) 32(3) 32(3) 33(3) -5(2) 1(2) -10(2) 
二 ? 二 二 -[[I] 2 3 m l ) C 46 41 3 39(3) 26(3) 3(2) -12(2) -16(2) 
29 4 48 5 28(4 1(4 2(3 22 4 ^ 35(3) 35(3) 35(3) 3(2) -15(2) -17(2) 
愁 5 l l m i ' 5 3 5 i t 24(5 N OD 50(3) 33(3) 70(4) -20(3) -13(3) -10(2) 32 6 = IH5) 3 5 1 o(01) 150(6) 96(5) 96(4) -51(4) 47(4) -59(4) 
N l l ^ ' l = '29 6 - iS 6 3 5 37 6 0 02 84(4) 88(4) 232(8) -60(5) -13(4) -50(4) 
i i 3 > 1 1 I i S i i i i i i "ii S i 
C ( 1 6 ) 95(13) 64 9 58 9 12 8 28 9 57 9 二 ？ 56(2) -2(2) -8(2) -19(2) 
C(17) 55(8 57 9 37 p 1 6 30 7 ° 47 2 53 3 62(3) -28(2) 14(2) -24(2) 0(21) 31(4) 29 4 29(4 0 3 -8 3 12 3 52(3) -13(2) -9(2) -15(2) 
0(22) 28(4) 29(4) 32 4 -9 3 -8 ^  9 3 化 f • -57(3) 
绍 ; ;郎！ - - d t 二 丨 - 法 “ : : 话 丨 ： 溫 ； 
i > ilii i i " i 1 . s 油 逾 " g ? 溫 ; - i 溫 - 溫 话 ； 1 1 1 1 i i i : � i i  i i 1 1 1 1 i 
Co吨lex 36 Complex 37 
S 巧 1)�37^2) 53(2) 2^ (2) ：^^^  -2 Cu � 27 � 24(1) 27(1) -1(1) -3 � - 3 ( ” 
i i ： 金 二 ； 识 ； • 出 -
？ i f ) 2^(2； 3^(3^ -10(2； -10 2 -7 2 0(12) 40(1) 30(1) 51(1) 7(1) -4 (1 ) 
Cnii?) 2^ (2^  29^2； ： ： cia ZH 27 )^ 识 丨 丨 - U 1 
二 ? 34 3 45 3 1 2 -10 2 -10 2 C(13) 44(1) 32(1) 106(1) 18(1) -10(1) -13(1 � P � ？ Q M to 3 6 2 0 2 -11 3 N(l) 40(1) 32(1) 57(1) 2(1) -3(1) -15(1� 识》 5 2 M 40 3 31 3 - t 2 -15 3 -6 3 C U ) 72(1) 6 7 � 8 � ( 1 ) -20(1) 24(1) -29(1) 盟 37 3 34 3 48 3 -9 2 -21 3 -2 2 C(15) 97(1) 138(1) 70(1) 29(1) 2(1) -66(1) 盟 23 2 27 3 39 3 -6 2 -7 2 -6 2 C(16) 71(1) 54(1) 98(1) 21(1) -26(1) -32(1 二 43 2 36 2 27 2 -^(1 -8 2 -22 2 C(17) 61(1) 35(1) 1 1 9 ( 1 � - 8 ( 1 ) -17(1) -8(1 二 33 2 28 2 28(2 -3 1 -8 1 -16 2) C(18) 55(1) 49(1) 59(1) -3(1) 5(1) -12(1� 20 2 25 2 f s 3 -9 2 -9(2 -5 2 0(21) 41(1) 42(1) 33(1) -6(1) -4(1) -4(1 
3 29 3 丨 丨 丨 丨 ) ） - 1 6 丨 2)〉 0(22) 45(1) 42(1) 32(1) -5(1) -4(1) 
“ 32 冗)）25�丨 2 3 � � 3 1 ( 2 ) -13(2) -4(2) -10(2) C � 温 - ( I ) 28(1) J U ) 2 ( 1 ) : 
^ 23) 28 p 53 3 ^7 3 30 i 化丨 65(1) 61(1) 29(1) -8(1) -1(1) -4(1) 
'cfasi ll{t] 6 0 S -2l[l] -11(3) N(2) 45(1) 53(1) 40(1) -15(1) 3(1) -4(1) 
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Table 6.2. Anisotropic thermal parameters (A^x 10^) {continued) 
C(24) 87(1) 63(1) 47(1) -3(1) 3(1) -8(1) C(31) 37(4) 20(4) 32(4) 4(3) -5(4) -4(3) 
C(25) 108(1) 94(1) 50(1) 9(1) 13(1) 12(1) C(32) 27(4) 70(5) 29(4) -3(4) -7(3) -6(4) 
C(26) 75(1) 148(1) 47(1) -42(1) 4(1) 1(1) N(31) 42(4) 51(4) 31(3) 7(3) -12(3) -10(3) 
C(27) 139(1) 187(1) 100(1) -104(1) 42(1) -89(1) C(33) 60(6) 68(6) 58(5) 1(4) -16(4) -27(5) 
C(28) 133(1) 105(1) 81(1) -51(1) 50(1) -66(1) C(34) 67(6) 121(8) 29(4) 8(5) -16(4) -26(6) 
0(2w) 80(1) 107(1) 77(1) -12(1) -4(1) -29(1) C(35) 95(7) 58(6) 74(6) -5(5) -34(6) 23(6) 
0(3w) 129(1) 135(1) 130(1) -4(1) 38(1) 12(1) 0(41) 42(3) 29(3) 45(3) 9(2) -7(2) 0(2) 
Cl(l) 89(1) 60(1) 55(1) 3(1) -7(1) -22(1) 0(42) 29(3) 37(3) 57(3) 3(2) -4(2) 7(2) 
0(1) 106(1) 84(1) 85(1) 15(1) 12(1) -29(1) C(41) 37(4) 31(4) 25(4) -1(3) 1(3) 9(4) 
0(2) 143(1) 139(1) 87(1) 31(1) -27(1) -30(1) C(42) 34(4) 31(4) 44(4) 4(3) 0(4) -1(3) 
0(3) 88(1) 222(1) 264(1) 155(1) -18(1) -32(1) N(41) 48(4) 25(3) 41(4) 5(3) 5(3) -3(3) 
0(4) 468(1) 121(1) 112(1) -55(1) 58(1) -71(1) C(43) 84(7) 45(5) 74(6) 15(5) 47(5) 9(5) 
Cl(2) 131(1) 82(1) 63(1) -9(1) 11(1) -27(1) C(44) 72(6) 43(5) 79(6) -9(5) -28(5) -12(5) 
0(5) 221(1) 146(1) 111(1) -22(1) -71(1) -5(1) C(45) 63(5) 31(4) 72(6) 20(4) 15(4) 14(4) 
0(6) 166(1) 136(1) 84(1) 15(1) 12(1) -39(1) 0(2w) 42(3) 41(3) 39(3) -2(2) 1(2) 2(2) 
0(7) 128(1) 245(1) 212(1) -20(1) 12(1) -31(1) N(3) 83(6) 66(6) 62(6) 9(5) -14(5) 3(5) 
0(8) 459(1) 169(1) 136(1) 3(1) -19(1) -201(1) 0(7) 118(6〉 73(5) 168(8) -59(5) -30(5) -33(5) 
- 1 4 8 ( 7 ) 116(6) 64(5) 7(4) -32(5) -25(5) 
Lompiex J8 0(9) 100(6) 167(8) 115(6) 58(6) -59(5) -37(6) 
Cu(l) 23(1) 23(1) 16(1) 0 0 0 N(4) 39(4) 43(4) 55(4) 15(4) 3(3) 5(4) 
Li(l) 56(10) 56(10) 36(13) 0 0 0 0(13) 54(4) 34(3) 176(7) -13(4) -16(4) -9(3) 
0(1) 55(2) 55(2) 36(3) 6(4) 6(4) -5(3) 0(14) 38(3) 53(3) 47(3) -9(3) -10(3) -3(3) 
0(2) 65(3) 65(3) 40(4) 1(3) 1(3) -16(4) 0(15) 57(4) 65(4) 86(4) 10(3) 20(3) 18(3) 
C(l) 44(3) 44(3) 40(5) 0(3) 0(3) -5(4) N(5) 83(7) 112(8) 55(6) 26(5) 21(5) 11(6) 
C(2) 52(4) 52(4) 34(4) 0 (3) 0(3) -9 (4 ) 0(16) 66(4) 110(6) 59(4) 14(4) 3(3) 26(4) 
N(l) 57(3) 57(3) 39(3) 4(3) 4(3) -5(5) 0(17) 85(5) 70(4) 54(4) 21(3) 13(3) 19(4) 
C(3) 106(7) 106(7) 63(8) 21(5) 21(5) -45(10) 0(18) 172(8) 280(11) 81(6) 84(7) 81(6) 75(8) 
C(4) 67(5) 85(6) 64(7) 2(4) 16(4) 0(5) N(6) 44(4) 46(4) 45(4) 7(4) 3(4) -3(3) 
Cl(l) 110(3) 110(3) 40(2) 0 0 0 0(23) 55(3) 53(4) 46(3) 3(3) 5(3) -18(3) 
0(01) 150(8) 165(8) 118(9) 86(7) 86(7) 75(10) 0(24) 109(6) 105(5) 87(5) -23(4) 10(4) -55(5) 
Cl(2) 99(3) 64(2) 58(2) 0 0 0 0(25) 94(5) 90(5) 67(4) 21(4) 40(4) -1(4) 
Complex 39 
Cu(l) 29(1) 28(1) 27(1) 1(1) -1(1) -2(1) 
Ca(l) 27(1) 28(1) 32(8) 2(1) -2(1) -2(1：) 
Ca(2) 40(1) 31(1) 36(8) 1(1) -3(1) -1(1) 
0(lw) 68(4) 36(3) 74(4) 2(3) -28(3〉 0(3) 
N(l) 57(5) 47(4) 37(4) 5(3) 13(4) 0(4) 
0(1) 52(4) 80(4) 79(4) 32(3) 22(3) 16(3) 
0(2) 105(6) 152(7) 175(7) 127(6) 94(5) 81(5) 
0(3) 84(4) 92(5) 68(4) 30(4) 41(4) 4(4) 
N(2) 48(4) 46(4) 43(4) 2(4) -4(3) -15(4) 
0(4) 80(4) 39(3) 77(4) -5(3) -41(3) 7(3) 
0(5) 50(4) 53(4) 108(5) -26(3) -37(3) 10(3) 
0(6) 90(4) 50(4) 63(4) -7(3) -33(3) -24(3) 
0(11) 38(3) 23(3) 39(3) 5(2) 3(2) -4(2) 
0(12) 36(3) 54(3) 49(3) 18(3) 1(2) 5(3) 
C(ll) 36(4) 30(4) 25(4) -1(3) 3(3) 7(4) 
C(12) 35(4) 35(4) 49(5) 12(4) 2(4) -8(4) 
N(ll) 52(4) 37(4) 39(4) -3(3) 16(3) -13(3) 
C(13) 53(5) 62(6) 45(5) -8(4) 16(4) -10(4) 
C(14) 104(8) 128(8) 47(5) -50(6) 30(5) -72(7) 
C(15) 114(9) 44(6) 130(9) 24(6) 40(7) -5(6) 
0(21) 33(3) 45(3) 27(3) -6(2) 3(2) 0(2) 
0(22) 37(3) 48(3) 40(3) -5(2) -12(2) -7(3) 
C(21) 38(4) 22(4) 25(4) 4(3) 0(3) 0(3) 
C(22) 25(4) 38(4) 31(4) -3(3) -1(3) -5(3) 
N(21) 35(3) 32(3) 30(3) -4(3) -1(3) -5(3) 
C(23) 33(4) 47(5) 62(5) 14(4) 3(4) 15(4) 
C(24) 49(5) 106(7) 39(5) -22(5) 10(4) -1(5) 
C(25) 58(5) 39(5) 50(5) 22(4) 10(4) -7(4) 
0(31) 33(3) 44(3) 29(3) -7(2) -8(2) 3(2) 
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